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SUMMARY 
The present study was aimed at the develop-
ment of a method suitable f o r the gas- l iquid chromato-
graphic analysis of amino acids and f o r the diagnosis 
and study of aminoacidurias• 
The derivatives of choice were found to be 
the N-neopentylidene amino acid ethyl esters which 
could be separated by gas chromatography and readily 
i d e n t i f i e d by mass spectrometry. The method was 
adaptable to the analysis of physio logical f lu ids and 
i t was applied to the detection of some 15 of the known 
disorders of amino acid metabolism. The character i s t i c 
mass spectra of these v o l a t i l e derivatives makes them 
useful f o r the structural elucidation of ninhydrin 
pos i t ive metabolites. 
To make the procedure more amenable to routine 
c l i n i c a l invest igat ions , a rapid 'on-column' methylation 
technique was developed which eliminated the time con-
suming acid-catalysed e s t e r i f i c a t i o n step. This s impl i -
f i e d der ivat isat ion o f f e r s advantages in speed and con-
venience over previously pxablished methods. I t was 
applied to the analysis o f seriam amino acids and was 
shown to be useful f o r metabolic pathway studies em-
ploying deuteriiam labe l led amino acids such as tyros ine . 
A c l o s e r examination of the new pyrolys is t ech -
nique led to the i d e n t i f i c a t i o n of some by-products of 
the decomposition of the trimethylanilinium hydroxide 
reagent. 
F ina l ly , the pyrolys is procedure was developed 
further to give a synthetic route to the benzyl esters 
o f f a t ty acids and amino ac ids . Preliminary f indings 
have indicated that the benzyl esters and the l-naphthyl-
methyl esters may be suitable derivatives f o r the high 
pressure l iquid chromatography of carboxylie acids using 
u l t r a - v i o l e t and f luorescent detectors . 
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Branched-chain keto aciduria 0.3 
(s) 
Cystinuria 7 
Fanconi syndrome 0.4 




hype rMe th i on in emi a 
(with homocystinuria) 0.4 
hyperProlinemia 2 
Phenylketonuria 8 
Tyrosinemia (Persistent) <0.1 














dians in Quebec 
In 1909 Garrod investigated the familial 
occurrence of alcaptonuria, albinism, pentosuria and 
cystinuria^. From the results of his studies he con-
cluded that such individuals suffered from an inherited 
deficiency of an enzyme required to catalyse a specific 
metabolic step. Although individually these diseases 
are rare (Table so many have now been diagnosed^ 
that their total contribution to severe morbidity and 
mortality in childhood is far from negligible. 
Specific congenital biochemical abnormalities 
in the fvinction of enzymes may result in an excessive 
build-up of amino acids or their metabolites in the 
urine, tissues or blood. In the foetus and the newborn, 
the rapidly growing nervous system is particularly vul-
nerable to any traumatic disturbances of the delicately 
balanced internal environment such as are encountered 
under the conditions of enzymatic malfunction or defi-
ciency. Most aminoacidurias have been found to lead 
to psychomotor and intellectual impairment. Many of 
these metabolic and neurological disorders are precipi-
tated or exacerbated by an excess of dietary protein. 
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Figure 1. Abbreviated Metabolic Scheme for Phenylalanine and Tyrosine Metabolism. 
prote in containing the s p e c i f i c amino acid whose catabo-
l ism i s disturbed has proved t o be b e n e f i c i a l . 
Of the more than f i f t y known inborn errors of 
amino acid metabolism in man, phenylketonuria (PKÜ) has 
been the most thoroughly studied^. This condit ion i s 
transmitted v ia the autosomal recess ive mode of i n h e r i -
tance; homozygotes f o r the disorder lack l i v e r phenyl-
alanine 4-hydroxylase (E.G.1 .14.3 .1) activity® which leads 
t o a large accumulation (as much as 20-30 times the 
normal) o f phenylalanine in the b lood and t issues 
(Figure 1) I f not promptly diagnosed and treated , 
i r r e v e r s i b l e mental impairment usually r e s u l t s . By im-
plementing a phenylalanine r e s t r i c t e d d i e t within the 
f i r s t two months of l i f e , nooaal brain development i s 
poss ib le® '^ ' *® . Once brain maturation i s largely com-
p l e t e d , i t appears t o be p o s s i b l e t o re lax the s t r i c t 
regimen and o f f e r a more normal d i e t , although with a 
s t i l l somewhat l imited prote in intake of about Ig/Kg 
B.W/day. There i s a l so evidence t o suggest that i t i s 
p o s s i b l e f o r the foetus of a Phenylketonurie mother t o 
escape malformation, brain damage and growth f a i l u r e i f 
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1905 1925 1945 1950 1955 1960 1965 1970 1975 
Calender Year 
Growth of knowledge adaout inborn errors of amino acid 
metabolism. 
O Findings made in the pre-partition chromatography era. 
• Findings derived from the use of partition chromato-
graphy on filter paper and the ninhydrin stain to locate 
amino acids in biological fluids. 
• Indicate at least a dozen diseases identified through 
the application of GC~MS methods to physiological fluids. 
20th week of gestation^ 
The growth of information in the area of amino-
acidurias has been exponential^^, a state of events 
which is related to important advances in the biosciences. 
Only a few disorders of amino acid metabolism had been 
identified in the 40 years from the time Garrod formu-
lated his ideas in 1909. Then in 1946, Dent^^'^"* 
adopted partition chromatography on filter paper for 
the purpose of identifying amino acids and other nin-
hydrin positive substances in human physiological fluids. 
Following the advent of paper chromatography, over 50 
genetic variants of amino acid metabolism were identi-
fied in man. Subsequently, the pace of discovery has 
not slackened as much as might have been expected (Figure 
2 
2). The continuing detection of new aminoacidurias can 
be attributed to the application of gas-liquid chroma-
tography to biomedical problems. 
Gas chromatography has not yet been adopted for 
the routine clinical analysis of amino acids partly 
because of the inherent cost, but also because of the 
expertise and time required to prepare suitable volatile 
derivatives. At the present time a variety of micro-
biological, chemical and chromatographic techniques 
are in use. 
The basis for microbiological amino acid esti-
mations is the fact that the growth response elicited 
from the micro-organisms may be regulated by controlling 
the level of one or more of the essential nutrients 
provided in the culture medium. Microbiological methods 
permit the quantitative determination of eighteen amino 
acids which commonly occur in such complex mixtures as 
protein hydrolysates, blood, urine and tissue extracts. 
The well established Guthrie inhibition assays used in 
the screening of PKU are examples of this mode of 
a n a l y s i s ^ ® . However, each of these tests is specific 
for the analysis of only one amino acid at a time. 
The chemical approach may consist of the pre-
liminary separation of each of the component amino acids 
with subsequent estimation either gravimetrically or 
colorimetrically. The photometric ninhydrin method is 
the most widely adopted of all colorimetric procedures. 
Alternatively, chemical analysis may involve the oxida-
tive degradation of the amino acids to such products as 
NH ,̂ CO2 and aldehydes which may then be determined 
manometrically or t i t r i m e t r i c a l l y . 
However/ i t i s the chromatographic techniques 
which have c l e a r l y become estab l i shed as the pre ferred 
method f o r amino ac id ana lys i s . They involve column/ 
paper and t h i n - l a y e r chromatography as we l l as a var ie ty 
of e l e c t rophores i s and ion-exchange systems. Paper 
chromatography o f f e r s the advantages of s i m p l i c i t y o f 
c o l l e c t i o n and of storage o f blood samples. Blood can 
be obtained by heel or f inger puncture/ and the f i l t e r 
paper cards sent through the mail . Amino acids in the 
dried b lood on the f i l t e r paper appear t o be s tab le f o r 
many months and perhaps y e a r s I n view o f t h e i r speed/ 
s i m p l i c i t y and cheapness/ and because from a s ing l e b lood 
sample almost the e n t i r e amino acid spectrum may be 
detected by simple observation/ th in - layer chromatography, 
paper chromatography and high vol tage e l ec t rophores i s 
continue t o be developed and are rout inely applied in 
hosp i ta l screening programs. 
The c l a s s i c a l invest igat ions of Moore e t a l (1958)^°/ 
Moore and Stein (1951) and Piez and Morris^^ have de-
veloped ion-exchange chromatography into a re f ined t e ch -
nique which i s o f t e n used t o confirm and quantitate any 
doubtful cases arising from routine screening. When 
first contemplated the procedure took 24 hours and re-
quired 100 nanomoles of each amino acid. Current methods 
require 2-5 hours and a tenth of the sample^^ . With 
little instrtamental modification, analyses using one 
naoiomole have been r e p o r t e d ^ L i m i t a t i o n s of the auto-
matic amino acid analysers are the time required, the 
cost of the instrument cuid the relative complexity of 
the operation. Furthermore, with identification based 
solely on retention time, other ninhydrin positive sub-
stcinces may interfere or make interpretation difficult. 
However, for the routine analysis of protein hydrolysates 
this is still the preferred method. 
Recent developments make it likely that gas-liquid 
chromatography (GLC) will at the very least complement 
the classical ion-exchange procedure and will serve as the 
preferred technique when selected amino acids need to be 
analysed, especially if large numbers of samples are in-
volved. It is perhaps significcint that the methods 
employed to investigate the amino acid content of extra-
terrestrial material from the Apollo 11 and 12 missions 
were predominantly GLC methods^'. As a result of this 
research a GLC technique for the determination of 
nanograitune amounts of amino acids is now available^® ' ̂  
GLC offers the following advantages; high 
sensitivity and resolving power, speed and simplicity 
of operation, and comparatively low cost. Furthermore, 
there is a unique compatibility between the gas Chromato-
graph (GC) and the mass spectrometer (MS) which brings 
to the clinical chemist one of the most powerful ana-
lytical tools presently known. The GC separates the 
components of a mixture and then delivers them through 
an interface^® to the MS for further identification. 
The disadvantages of current clinical methods 
lie in their non specific nature and the total reliance 
of the analyst on the recognition of characteristic 
patterns associated with some of the more common meta-
bolic disorders. Since many frequently prescribed thera-
peutic agents give color reactions and may appear at the 
same retention values as common metabolites, the clinical 
interpretation of positive findings usually needs further, 
more detailed analytical examination for confirmation. 
It is in this area that gas chromatography-mass spec-
trometry (GC-MS) offers the best available answer to the 
need for unequivocal identification of metabolites and 
drugs extracted from biological samples. 
Since free amino acids are not sufficiently 
volatile for direct GLC analysis suitable derivatives 
must first be prepared. The criteria for 'suitable 
derivatives' are : 
1. The derivative should be simple in its 
formation; no rearrangements or structural alterations 
should occur, 
2. The derivatisation reaction should proceed 
quantitatively (95-100%). 
3. There should be no loss of any component 
on concentration of the sample, 
4. The derivative must be stable with respect 
to time and temperature. 
5. The derivative should have increased 
volatility. 
6 . The derivative must be in a form which has 
little or no reactivity with the GLC substrate and/or 
solid support. 
7. The amino acid derivatives must be resolvable 
from each other. 
The difficulty in finding a derivative suitable 
for all protein amino acids arises primarily because they 
do not form an homologous series. Some fifteen of the 
twenty primary amino acids contain a third functional 
group besides the characteristic a-amino substituent 
and carboxyl moiety. The most difficult amino acids for 
GLC derivatisation have proved to be arginine, histidine, 
cysteine, cystine and tryptophan, and to a lesser extent 
serine, threonine, hydroxyproline, tyrosine, lysine and 
methionine. The amides, asparagine and glutamine are 
normally determined as their amino acid counterparts 
since they are hydrolysed by the commonly used esterifi-
cation procedures. 
The analysis of amino acids by GLC has been 
advanced through extensive studies since Hionter, Dimick 
and Corse partially separated the aldehydes obtained 
from the ninhydrin oxidation of leucine and isoleucine 
in 1956^°. Comprehensive reviews of derivatisation tech-
niques, GLC separations and applications have been 
presented by Weinstein^ \ McBride and Klingman^^, and 
Blau^^ . A very v/ide range of derivatisaticns ^ often 
involving a combination of esterification and acylation / 
has been investigated with varying degrees of success. 
Amongst these amino acid derivatives are the N-acetyl 
n-amyl^\ e t h y l ^ ^ ' ^ ^ propyl^S isopropyl^S butyl^ " ' ^^ 
and anyl^ ^ esters; the N-trif luoroacetyl methyl^®, 
b u t y l ^ % ait^l^® and pentyl**® esters; and the N-butyryl 
propyl esters'*^. Others employed include the trimethyl-
silyl**^ and oxazolin-S-one*"^ amino acids^ the N-trimethyl-
si ly l butyl esters'"*, the N,0-di-isopropyl derivatives'*^ 
and the 2,4~dinitrophenyl methyl esters**®. Increasing 
interest has been shown in the methylthiohydantoins ' 
and their silylated counterparts'*®, and the phenylthio-
hydantoins**® and their acetyl**^, trifluoroacetyl**^ and 
silylated forms'*®'®®. 
Among the most widely adopted are the N-trifluoro-
acetyl derivatives of the amino acid n-butyl esters®^ 
To facilitate analysis, these derivatives can be separated 
from unreacted material by chromatography on columns of 
s i l ica gel before submission to GLC®^• The methyl esters 
are potentially better since their greater volatility 
means chromatography can be effected at lower temperatures^**. 
On the other hand, the greater volatility makes quantita-
tive preparation of the derivatives more difficult^ 
although some of these problems have been recently over-
come®'. It is worth noting that the N-heptafluorobutyl 
esters have significantly shorter retention times®* than 
the trifluoroacetyl counterparts and their suitability 
has been investigated because of their inherent greater 
sensitivity using the electron capture detector, 
Silyl derivatives have also been employed exten-
sively''^'® and the various methods of silylation have 
been reviewed®^'®®. Bis(trimethylsilyl)trifluoro-
acetamide introduced by Stalling et al* * has emerged as 
the reagent of choice since the by-products which arise 
from its use have very low boiling points and thus do 
not interfere with the GLC analysis of the neutral amino 
acid derivatives. This is not the case with reagents such 
as N^O-bis(trimethylsilyl)acetamide® ^. Trimethylsilation 
of the twenty protein amino acids offers certain advantages 
in that the reaction is a one step process®^ and the 
derivatives can be separated on a single chromatographic 
column®**. However, the trimethylsilyl amino acids are 
very unstable; they are particularly moisture sensitive, 
and it has been reported that they are susceptible to 
decomposition on polyester columns^®. 
The use of the mass spectrometer for the identi-
fication of the GC effluent places further requirements 
upon the suitability of the derivatives employed for the 
analysis of amino acids. Preferably they should give 
readily identifiable mass spectra, have a sufficiently 
small increase in molecular weight ( i . e , sufficient 
volatility) so as to present no problems in traversing 
the GC-MS interface, and be resolvable on columns of low 
bleed rate. 
Although admirably suited to the analysis of 
protein hydrolysates, the N-trifluoroacetyl butyl ester 
amino acids have several limitations when applied to 
the analysis of biological fluids where mass spectrometric 
identification of the GC output is often important. They 
produce poor, iminformative mass spectra, involve a large 
increase in molecular weight, and complete separation can 
only be effected on lightly loaded polar columns whose 
high bleed rates at elevated temperatures result in a 
substantial background signal in the mass spectrometer. 
(Some of these problems may be overcome by employing the 
more volatile heptafluorobutyryl amino acid esters which 
are resolvable on t±ie non-polar OV-1 stationary phase®®). 
The present program of research was concerned 
with an investigation into the suitability of the neo-
pentylidene amino acid esters for the screening of 
physiological fluids for inherited aminoacidurias by 
gas chromatography ~ mass spectrometry. This program 
was based upon the preliminary findings of Jellum, Bacon, 
Patton, Pereira and Halpern®^'®®. By suitable modifica-
tion of these techniques, tyrosine and dopa could be 
analysed and a method vzas developed by which fifteen of 
the known in-bom errors of amino acid metabolism could 
be diagnosed®®• A simplification of the derivatisation 
procedure was achieved by the use of 'on-column' pyrolysis 
methylation for the esterification of the neopentylidene 
derivatives^®, and was applied with some success to the 
analysis of serum and urinary amino acids. As a result 
of the pyrolysis studies, several new preparative pro-
cedures for the esterification of fatty acids^^ and amino 
acids ̂^ have been developed. Some previously unreported 
products arising from the trimethylanilinium hydroxide 
reagents used for 'on-column' methylation have also been 
identified^^ • 
DISCUSSION 
A. NEOPENTYLIDENE AMINO ACID ETHYL ESTERS 
Compounds bearing a primary amino group (R-NH2) 
react with aldehydes and ketones to replace the car-
bonyl oxygen by nitrogen. These condensation reactions 
proceed by the following mechanism: 
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The condensates are known as imines, azomethines 
or Schiff 's bases. The compounds derived from amino 
acid salts have attracted some attention. The earliest 
studies are those of Schiff who examined their reac-
tion with formaldehyde. Bergmann, Enslin and Zervas^® 
isolated benzylidene and trichloroethylidene derivatives 
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of a-amino acids as their barium and brucine salts^ 
while Gulland and Mead^^ prepared similar derivatives 
of glycine. Although aldehyde condensates of amino 
acids like the benzylidenes^^ and the particularly stable 
o-hydroxyarylidenes^®'^^ have been used in synthetic pep-
tide chemistry, they have raised little interest in the 
cinalysis of amino acids by GLC. 
Homing has reported the gas chromatographic analy-
sis of biologically important amines and catecholamines as 
their schiff base condensates with acetone and cyclobuta-
none, although there was partial decomposition during 
chromatography®®'®^. Recently, Mitchell investigated the 
GLC of the azomethines derived from amino acid methyl 
esters with benzaldehyde and 2,4-pentanedione®^• His 
results suggest that there was incomplete reaction. 
In 196 3, Klyne et al studied the ultraviolet 
absorption spectra of the unconjugated azomethine structure®^ 
They used pivaldehyde (2,2-dimethylpropanal) since the 
N-neopentylidene derivatives (Figure 3a) do not have a 
hydrogen a to the carbon atom of the azomethine linkage 
and so cannot undergo an aldol-type condensation. In 196 5 
Klyne and co-workers published their findings on the 
optical rotatory dispersion of the N-neopentylidene 
amino acid methyl esters which were prepared by reacting 
an equimolar amount of the ester with pivaldehyde®. 
Molecular sieve acted as a water scavenger in this con-
densation. The simplicity of the reaction stimulated 
investigations into the suitability of these derivatives 
for GLC amino acid analysis. 
Pivaldehyde condensates have been used for the 
quantitative GLC determination of biologically active 
thiols and disulphides®®, and for the analysis of lysine 
in grain®®. Halpem et al quantitated serum phenylala-
nine by this technique in 1971®^ and this was extended 
into a general screening program for inherited metabolic 
disease by Jellum^ Stokke and Eldjarn in the same year®®. 
These reports formed the basis for the present research 
program. Its aim was to carry out a more detailed study 
of the preparation of the neopentylidene amino acid esters, 
their quantitative estimation and resolution by gas 
chromatography and their characterisation by mass spec-
trometry . 
FIGURE 4 
Reaction vials and heating block arrangement 
used for esterifications and evaporation of 
solvents with nitrogen. 
The first step in the preparation of the volatile 
amino acid derivative was esterification. Brenner's 
thionyl chloride-ethanol reagent®^ was used to prepare 
the esters because it is less moisture sensitive than 
the customary ethanol-hydrogen chloride reagent. Equations 
2 and 3 outline the reaction sequence. 
C2H5OH + SOCI2 G2H5OSOCI + HCl (2) 
R-CH-COOH + C2H5OSOCI 
I NH2 
R-CH-COOC2H5+ SO2 + HCl (3) 
NH2 
Initially, esterification was effected by heating 
under reflux for 30 minutes. Later, this step was carried 
out in screw capped reacti-vials, heated in a metal block 
(Figure 4) at 95® for 90 minutes. The increased time 
required to afford quantitative conversion in the vials 
was probably caused by the closed system which inhibits 
the forward reaction of equation 3. Despite this incon-
venience, reacti-vials were used because it eliminated 
the need to transfer the sample to a small volumed container 
prior to GLC. 
With very few exceptions, condensations between 
aldehydes and amino acids occur in slightly alkaline 
media, presumably because of the higher concentration 
of undissociated amino groups^®. Consequently, the amino 
acid ester hydrochlorides were neutralised with an excess 
of triethylamine (TEA) and pivaldehyde immediately added 
to give the neopentylidene amino acid ethyl ester 
(equation 4). 
TEA 
R-CH-COOC2H5 + (CHa), CHO • R-CH-COOC2H5 + H2O (4) 
NH2,HC1 N = CH - CiCHs), 
Jellum et al reported that with pyridine as 
solvent (pK = 8.55) the rate of condensation of amino 
thiols with pivaldehyde was slow whereas with triethylamine 
(pK = 3.55) reaction was complete in a few minutes®®. As 
high alkalinity might lead to hydrolysis of the ester 
function in the presence of traces of water they decided 
to use an ion-exchange resin buffered to a pH of 7.5. 
Under these conditions the reaction proceeded quantitatively 
in 10 minutes. 
For the reaction with amino acid esters we 
found that both triethylamine and the bicarbonate resin 
were satisfactory. Pyridine was a suitable solvent for 
the reaction when triethylamine was used and ethanol 
was the medium of choice when the resin was used. 
(Pyridine is not a sufficiently strong base to liberate 
both amino groups of lysine and ornithine from their 
hydrochlorides). 
A mole of water was generated by the pivalde-
hyde condensation (equation 4). Consequently several 
sticks of 3A molecular sieve were added to force equili-
brium to the right. Preliminary findings indicated 
that 30 minutes was adequate for quantitative formation 
of the neopentylidenes. Later, considerably longer times 
and larger excesses of pivaldehyde were required to give 
the same results. Although all reagents were re-distilled 
and dried the time discrepancy continued. It was then 
thought that the problem might be associated with the 
molecular sieves. Roelofsen and Bekkum®® found a 5-10 
times slower reaction rate between cyclohexanone and 
diethylamine over 5A molecular sieve to give the enamine 
l-diethylaminocyclohexene, than that reported by Taguchi 
and Westheimer^^. Roelofsen and Bekkum demonstrated 
that there was a catalytic activity produced by the 
binding agent in the sieves. Consequently, different 
batches of the same sieve may give substantial varia-
tions in reaction times depending upon the amount of 
binder used during manufacture of the sieves. By 
following the rate of condensation of lysine and piv-
aldehyde using the gas chromatography a semi-quantitative 
comparison was made between 3A sieves (1/16" pellets) 
from two different batches supplied by BDH Chemicals 
Ltd. At room temperature equilibrium was attained in 
180 minutes with sieve from one batch and 90 minutes 
with the second batch. This problem requires further 
investigation and should be recognised as a possible 
source of discrepancy in reaction times where sieves 
are employed as water scavengers. 
Most of the amino acid derivatives have the 
general structure given in Figure 3. Proline cannot 
form the azomethine and was chromatographed as proline 
ethyl ester which was particularly lanstable to the basic 
reaction medium and rapidly decomposed. On the basis of 
microanalytical data and IR, UV and n.m.r. spectra^ 
FIGURE 5 
SILYL NEOPENTYLIDENE AMINO ACID ETHYL ESTERS 
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Klyne et al®® found that the hydroxy amino acids^threonine 
and serine,form the cyclic oxazolidene (Figure 3b). This 
is in keeping with similar results reported for the con-
densates of amino alcohols with carbonyls by Bergel and 
Pentherer®^ and reviewed by Bergmann^^. The analogous 
thiazolidene is obtained for cysteine (Figure 3c) 
In order to increase the volatility and the sensi-
tivity to detection of the phenolic amino acids,tyrosine 
and dopa, the possibility of silylating the phenolic 
hydroxyIs was investigated. Gehrke's reagent bis(tri-
methylsilyl)trifluoroacetamide (BSTFA)®* was found to be 
suitable for this purpose. The reaction proceeded satis-
factorily at room temperature or by heating (50-60®), 
Figure 5a illustrates the tyrosine derivative. Under 
these conditions the ring nitrogens of tryptophan and 
proline were trimethylsilylated (Figure 5b), and the 
hydroxyls of serine and threonine gave the corresponding 
0-TMS derivatives (Figure 5c). The pivaldehyde conden-
sates of these latter two amino acids resisted silylation, 
presumably since a rearrangement of the oxazolidine 
(Figure 3b) to the azomethine tautomer (Figure 3d) was 
required before a reaction could occur. Reaction was 
TABLE 2 
GLC RETENTION DATA FOR NEOPENTYLIDENE 







































































* Chromatographed isothermally 1 min at 80®^ then pro-
grammed at 8®/min to 310®. Carrier gas flow rate 20 ml/min. 
** Trimethylsilyl neopentylidene ethyl esters. 
TABLE 3 
MASS SPECTRAL FRAGMENTATION OF NEOPENTYLIDENE 
AMINO ACID ETHYL ESTERS 
Amino acid 
M* 
mje value of ion: 
A 
M - C H a M - C M e , M - C O O E t Others 
Glycine 171 156 114 98 
Alanine 185 170 128 112 
Proline 215 200 — 142 
Valine — 198 156 140 173 (M-CHMea) 
Leucine — 212 170 154 
Isoleucine — 212 170 154 
Serine — 258 216 200 170 (M-CH^OSiMea) 
Threonine — — — 214 117 (CH3CHOSiMe3+) 
2-Amino-n-oct-
anoic acid — 240 198 182 
Aspartic acid 257 242 200 184 
Cysteine 217 202 160 144 
Methionine — 230 188 172 
Glutamic acid 271 256 214 198 
Ornithine 296 281 239 — 
Lysine 310 295 253 — 
Phenylalanine — 246 204 188 170 (M-CeHsCHa), 
91 (C6H5CH2+) 
Tyrosine 349 — 292 276 170 (M-CHa.CeHs.OSiMe,), 
179 (CH2.C6H5.0SiMe3+) 
Dopa 437 422 380 364 170 [M-CHa.CeHsCOSiMea)^], 
267 [CH-.CeHsCOSiMea)^^], 
179 (CH2.C6H5.0SiMe3+) 
Tryptophan 372 — — 299 202 (formula |), 
130 (formulai) 
4-Hydroxy-
proline — — — 230 
Sarcosine 189 174 — 106 
Pipecolic acid 229 214 — 156 
J ( t ) 
Si(CH3), H 
(2) 
* Molecular ion. 
forced to completion only by the use of a very large 
excess of BSTFA. However, by adding the BSTFA first, 
followed immediately by the pivaldehyde, derivatisation 
proceeded more readily to give (5c)• The silyl 
neopentylidene derivatives of serine and threonine co-
chroma tograph on the OV-17 column. The preferred pro-
cedure was to firstly chromatograph the amino acid sample 
as the neopentylidene ethyl esters and then analyse for 
tyrosine and dopa by adding BSTFA and re-injecting• 
The retention data for nineteen amino acids 
derivatised as described and separated by a temperature 
programmed run on the 5% OV-17 column is given (Table 2)• 
Included in this table are the retention times of both 
the oxazolidene and trimethylsilyl neopentylidene forms 
of serine and threonine. Only the leucine/isoleucine 
isomers could not be resolved under these conditions. 
The structural assignment for each derivative 
was made on the basis of low resolution mass spectral 
fragmentation patterns (Table 3) and the retention be-
haviour of distilled reference compoimds (Badr et al 
1965 1966® 5). The mass spectra were characterised by 
fragmentations involving losses of 15 (-CH3), 57 (-C(CH3)3) 
- 31 -
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Calibration curves for tyrosine (.) 
and lysine (x) 
and 73 (-COOC2H5) from the molecular ion. When the 
methyl esters were prepared^ a doublet corresponding 
to losses of 57 and 59 (-COOCH3) was often present 
and was useful for rapid identification. Molecular 
ions were either weak (<1%) or absent. The oxazolidines 
of serine and threonine gave poor spectra and their 
identification was best performed by comparison with 
standards. 
A quantitative study with several of the 
derivatives showed that mole of an amino acid 
could be detected under ideal conditions with the flame 
ionisation detector (3cm peak height at 4 x lO""̂  ̂A for 
full scale deflection on maximum sensitivity-range x 1, 
attenuation 1). 
A linear relationship was demonstrated between 
amino acid concentration and peak area (determined by 
triangulation) for tyrosine and lysine using a-amino-n-
octanoic acid as the internal steindard (Figure 6) . 
The relative molar responses (RMR) of the 
neopentylidene amino acid ethyl esters were determined 
with respect to a-amino-n-octanoic acid (RMR = 1.000). 
By definition 
^ a a / o c t = <^aa/^aa)/<^oct/'^oct) 
where 
A^^ = area of the amino acid peak 
^oct ~ area of the a-amino-n-octanoic acid peak 
^aa ~ number of moles of amino acid injected 
^oct ~ number of moles of injected a-amino-n-
octanoic acid 
However, since equimolar solutions were used 
^ a a / o c t = ^a/^oct 
Table 4 displays the RMR values for 4 different 
derivatisation and GLC separation runs, their average 
cuid the corresponding standard deviations. 
Of the common protein amino acids, asparagine, 
glutcuiiine, histidine and arginine did not give volatile 
derivatives, (Asparagine and glutamine may be analysed 
as aspartic and glutamic acids,respectively, following 
acid-catalysed hydrolysis)• Cystine was partly degraded 
to cysteine in the injection port of the gas Chromatograph 
and also decomposed slowly on standing®®. 
TABLE 4 
RELATIVE MOLAR RESPONSES OF NEOPENTYLIDENE 
AMINO ACID ETHYL ESTERS 
Amino 
A c i d RMR® A v e r a g e S t a n d a r d D e v i a t i o n 
A l a 0 . 7 0 3 0 . 6 8 0 0 . 6 9 2 0 . 6 9 8 0 . 6 9 3 0 .010 
Gly 0 . 5 5 5 0 . 5 5 4 0 . 5 5 5 0 . 5 4 0 0 . 5 5 5 0 . 0 0 7 
V a l 0 . 7 9 2 0 . 7 8 8 0 . 7 9 1 0 . 7 8 8 0 . 7 9 0 0 . 0 0 2 
Leu 0 . 8 6 3 0 . 8 6 4 0 . 8 6 9 0 . 8 6 7 0 . 8 6 6 0 . 0 0 3 
H e 0 . 8 6 3 0 . 8 5 8 0 . 8 5 1 0 . 8 6 4 0 . 8 5 9 0 . 0 0 6 
T h r 0 . 6 1 0 0 . 6 0 9 0 . 6 0 3 0 . 6 0 4 0 . 6 0 7 0 . 0 0 4 
S e r 0 . 5 2 6 0 . 5 2 1 0 . 5 3 2 0 . 5 3 0 0 . 5 2 7 0 . 0 0 5 
O c t ^ 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
Cys 0 . 1 0 7 0 . 1 0 3 0 . 1 0 8 0 . 1 1 5 0 . 1 0 8 0 . 0 0 5 
Asp 0 . 7 6 8 0 . 7 4 0 0 . 7 6 0 0 . 7 4 5 0 . 7 5 3 0 . 0 1 3 
Met 0 . 7 3 5 0 . 7 5 2 0 . 7 5 0 0 . 7 3 6 0 . 7 4 3 0 . 0 0 9 
G l u 0 . 6 9 8 0 . 6 7 7 0 . 7 0 6 0 . 6 9 8 0 . 6 9 5 0 .012 
O m 1 . 0 2 6 1 . 0 1 9 1 . 0 0 3 1 . 0 2 1 1 . 0 1 7 0 . 0 1 0 
Phe 1 . 0 7 3 1 . 0 7 5 1 . 0 7 0 1 . 0 6 7 1 . 0 7 1 0 .004 
Lys 1 . 0 4 7 1 . 0 3 5 1 . 0 3 2 1 . 0 2 5 1 . 0 3 5 0 . 0 0 9 
P -C h l o r o p h e 1 . 0 8 2 1 . 0 7 4 1 . 0 7 7 1 . 0 7 3 1 . 0 7 7 0 . 0 0 4 
Tyr® 1 . 1 7 7 1 . 1 6 1 1 . 1 8 6 1 . 1 7 1 1 . 1 7 4 0 . 0 1 1 
Dopa^ 1 . 0 5 2 1 . 1 2 4 1 . 2 1 5 1 . 1 8 6 1 . 1 4 4 0 .072 
F o u r i n d e p e n d e n t s a m p l e s a n a l y s e d on t h e same 
c h r o m a t o g r a p h i c c o l u m n , 10% OV-17 on C h r o m o s o r b W. 
a - a m i n o - n - o c t a n o i c a c i d i n t e r n a l s t a n d a r d a s s i g n e d 
a v a l u e of 1 . 0 0 0 . 
T r i m e t h y l s i l y l N e o p e n t y l i d e n e Amino A c i d E t h y l E s t e r s 
The d e r i v a t i v e s o f p r o and t r p w e r e i n s u f f i c i e n t l y 
s t a b l e t o g i v e r e l i a b l e RMR v a l u e s . 
B« PYROLYTIC METHYLATION OF NEOPENTYLIDENE AMINO ACIDS 
One of the major difficulties preventing the 
adoption of the gas Chromatograph for routine large 
scale screening programs is the time consuming chemistry 
and the associated expertise required to convert the 
amino acids into suitable volatile derivatives. In 
particular the water sensitive acid-catalysed esterifi-
cation step contributes to the long time cycle. A more 
simple approach to the formation of volatile derivatives 
was suggested by the work on the pyrolytic methylation 
of fatty acids and barbiturates. 
It has been long established that methyl esters 
are formed when the tetramethylammonium salts of car-
boxy lie acids are heated^** ̂  ̂ ^ , This reaction may be 
carried out in the flash heater of a gas Chromatograph^®'^^ 
but the temperatures required are too high for general 
application and often cause decomposition rather than 
esterification while yields are concentration dependent^®. 
The method has been used for the GLC analysis of barbit-
urates^® and of purine and pyrimidine bases^^. However^ 
incomplete methylation and secondary peaks have been 
reported. Consequently, it was concluded that a 
quaternary airanonium base which would produce a better 
leaving group than triethylamine should overcome some 
of these difficulties since it would require a shorter 
reaction time and milder conditions for thermal decom-
position of its salts. 
Brochmann-Hanssen and Oke showed that trimethyl-
anilinium hydroxide (TMAH) is a more suitable base. (It 
has also been used for the commercial methylation of 
morphine to codeine). Brockmann-Hanssen demonstrated 
that TMAH is superior to tetramethylammonium hydroxide 
for flash heater methylation of barbiturates, xanthine 
bases and phenolic alkaloids^. This reagent has 
achieved rapid acceptance for 'on-column* methylation 
during gas chromatography and has been applied to bar-
biturates^ ® ̂  ' , cannabis metabolites^o3^ diphenyl-
hydantoin^®^'^®*^, substituted pherxylureas^ ̂ ^ and fatty 
acids^o^'^®^. It appears to be the method of choice for 
the routine methylation of barbiturates^o®. 
Preliminary studies carried out by Halpern et 
al on the pyrolysis of the tetramethylammonium salt of 
N-neopentylidene phenylalanine^^^'^^o indicated that 
this route might become the basis of a fast and con-
venient method for the GLC analysis of amino acids. 
In view of the reports that TMAH is superior to 
tetramethylammonium hydroxide as a methylating reagent 
it was decided to investigate the pyrolysis of the 
N-neopentylidene amino acid trimethylanilinium salts, 
Trimethylanilinium hydroxide (trimethylphenyl-
ammonium hydroxide) was readily prepared as a methanolic 
solution by stirring trimethylanilinium chloride with 
silver oxide (equation 5). 
. CH3OH . ^ 
Ph-N(CH3) 3 Cl" + AgaO • Ph-N(CH3)3 OH + AgCl (5) 
The filtered solution was stored over molecular 
sieve (3A) at O®, Under these conditions it was indefi-
nitely stable. A solution initially determined to be 
0.198N by titration to a Phenolphthalein end-point with 
HCl (O.IOON), was titrated six months later at 0.194N. 
Preparation of the amino acids prior to GLC was 
very simple and involved a minimum of manipulation. The 
FIGURE 7 





























amino acids were dissolved in an excess of TMAH over 
3A molecular sieve and pivaldehyde added. The mixture 
was then warmed at 60-70® to aid solution and Schiff 
base formation. By analogy with the mode of formation 
of fatty acid methyl esters with TMAH^O^ it is assumed 
that under the basic conditions of the TMAH solution 
the amino acids were converted to their neopentylidene 
trimethylanilinium salts (Figure 7a). Pyrolysis of 
these salts in the flash heater of the GC at 240® then 
yielded the neopentylidene amino acid methyl esters 
(Figures 7b, c, d). These derivatives were mostly 
separable by a temperature programmed run, using the 
5% OV-17 column. The retention data for this separation 
are given in Table 5. 
The identities of the volatile derivatives were 
determined from the low resolution mass spectra of the 
GC effluent (Table 6). These results showed that neutral, 
dibasic and acidic amino acids were chromatographed as 
neopentylidene methyl esters (Figure 7b), that tyrosine 
was converted to an 0-methyl derivative (Figure 7c) and 
that the ring nitrogens of tryptophan and proline were 
also methylated (Figure 7d). The mass spectra for most 
TABLE 5 
GLC RETENTION DATA FOR THE PYROLYTIC METHYLATION 














ala 8.9 143 oct 17.9 215 
gly 9 .4 147 met 19 . 5 (11 .Op^ 230(136) 
pro 9 .8 150 glu 19 .5(11 .9) 230(141) 
val(3) 11.5 164 o m 21.3 242 
13.2 178 phe 21.8 246 
ile 13.2 178 lys 22.9 255 
thr 13.9 183 p- 24.8 
chlorophe 
270 
ser 14.3 186 tyr 26.1 270 
asp 17.1 209 trp 32.0 270 
(1) Arginine and xmprotected cysteine give several reaction 
products under these conditions and histidine does not 
form a volatile derivative. 
e 
(2) Chromatographed isothermally for 1 min at 80 C and 
then programmed from 80-270 C at 8 C/min using a flow 
rate of 20 ml/min. 
(3) The byproduct from the pyrolysis reaction (N,N-dimethyl-
aniline) has the same retention time as valine on OV-17 
Separation can be obtained by using a 5* x 1/8" column 
packed with 5% SE-30 on Chromosorb W. 
(4) Leu and ile cannot be separated on non-polar columns. 
(5) Methionine and glutamic acid can be separated on a 5* x 
1/8" stainless steel column packed witJi 1% XE-60 on 
dimethyldichlorisilane treated Chromosorb W programmed 
from 70®C at 6®C/min using a flow rate of 20 ml/min. 
TABLE 6 
m s s SPECTRAL FRAGMENTATION OF PYROLYTIC 
METHYLATION DERIVATIVES OF NEOPENTYLIDENE AMINO ACIDS 
Amino Acid (M̂  - CK3) (M"" - 1 C(CH3)3) (M̂  -- COOCH3) 
glycine - 142(36)^2) 100 (22) 98 (65) 
alanine 171(1) 156 (7) 114 (5) 112(100) 
proline 143(6) - - 84(100) 
valine 199(1) 184 (4) 142 (13) 140(100) 
leucine - 198 (1) 156 (12) 154 (12) 
isoleucine - 198 (1) 156 (57) 154 (32) 
serine - - 130 (11) 128 (3) (M^ - H2O) 169(1) 
threonine - - - 142 (16) 
aspartic acid 229(1) 214(16) 172 (10) 170(100) 
octanoic acid 241(1) 226 (5) 184(100) 182 (72) 
methionine 231(1) - 174 (74) 172 (10) 
glutamic acid - 228 (1) 186 (5) 184 (9) 
ornithine - - 225 (2) 223 (1) 
phenylalanine - - 190 (2) 188 (4) CgHgCHj"̂  91(44) 
lysine 239 (6) 237 (3) 
(M+ - CgHgCH^)156(55) 
p-chlorophe - - 224 (5) 222 (10) (M+ - ClCgHt^CH2)l56(100) 
tyrosine - - 220 (1) 218 (1) (M"̂  - CH30CgHj^CH2)l56(36) 
tryptophane _ _ 144(100) 
CH30CgHj^CH2+ 121(100) 
^tt ' • î n̂tj 4. 
(l)The GLC-MS combination was operated with the following para-
meters: Injection port 250^C, Helium carrier gas at a flow rate 
of 2 0 ml/min, Biemann separator 220 C, ion source 2 20 C and ioni-
zing voltage 7 0 eV. (2)Relative abundances of the fragment ions. 
ÒH. 
amino acids were quite distinctive, often featuring a 
doublet peak two mass units apart corresponding to 
losses of the isobutyl side chain (57 mass units) and 
the methyl ester function (59 mass units)• Molecular 
ions, when present, were small (usually < 1%) ctnd the 
highest mass peak was often the (m"*"-15) ion. The most 
intense ion above 80 mass units was often that corres-
ponding to (m"*" - COOCH3). 
The homogeneity of the GLC peaks was checked 
with a continuously scanning mass spectrometer and a 
linear relationship between amino acid concentration 
euid peak area was established for several amino acids 
(Figure 8). Since these results were first published 
some difficulties have arisen with the quantitation. 
Again the problem appears to be one related to the time 
taken for the Schiff base condensation and may be attri-
butable to the observation (discussed Section A) that 
different batches of sieve produce variable rates of 
condensation. Thus although it was originally reported 
that the reaction time should be 15 minutes at 70® some 
recent experiments have required to be left standing over 
night at room temperature. (Prolonged heating is not 
73 
advisable because TMAH is imstable at elevated temperatures). 
FIGURE 8 
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Calibration curves for lysine (•), tyrosine (x) and 
glutamic acid (•) derivatives. 
Several amino acids could not be satisfactorily 
chromatographed using the pyrolytic methylation procedure. 
These included serine, threonine, cysteine, cystine and 
dopa. Dopa was unstable under the basic conditions of the 
TMAH reagent, its decomposition caused immediate darkening 
of the solution. Cystine decomposed upon pyrolysis to 
FIGURE 9 
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give two peaks which coincided with those obtained for 
cysteine. These were tentatively identified by MS as 
the S-methyl neopentylidene methyl ester of cysteine 
(cys 2; Figure 9a) and a derivative obtained by loss 
of H2S (cys 1; Figure 9b)• Serine and threonine under-
went more extensive breakdown giving at least four and 
three volatile derivatives respectively (ser 1, ser 2, 
ser 3, ser 4; thr 1, thr 2, thr 3), The spectrum of 
ser 2 was found to be the same as that for cys 1 
(Figure 9b)• This was to be expected as serine can 
dehydrate in an analogous fashion to the loss of H2S 
from cysteine. Ser 3 was the oxazolidene methyl ester 
(Figure 9c). Thr 3 was also the corresponding oxazoli-
dene methyl ester of threonine. The remaining deriva-
tives of serine and threonine were not identified because 
of the small amounts formed. Unfortunately, these 
pyrolysis products may confuse the analysis of the low 
molecular weight amino acids alanine, glycine and proline. 
Table 7 gives the GLC retention data for the decomposition 
derivatives described. 
Despite the aforementioned limitations, the 
analysis of amino acids via the pyrolytic methylation 
TABLE 7 
GLC RETENTION DATA OF SOME PYROLYTIC METHYLATION 
DERIVATIVES OF NEOPENTYLIDENE AMINO ACIDS 
Amino Retention Time* Amino Retention Time 
Acid (min) Acid (min) 
ala 2.85 leu 6.15 
gly 2.85 ser 3 6.50 
ser 1 2.90 thr 3 6.60 
thr 1 2.90 ser 4 6.90 
pro 3.30 asp 7.75 
cys 1 3.90 cys 2 8.70 
ser 2 3.90 cystine 2 8.70 
thr 2 3.90 glu 9.80 
cystine 1 3.90 £-chlorophe 15.40 
val 4.90 
* Programmed separation on a 2m x 2,5 cm I,D 
glass column packed with 3% Apiezon N on 
Gas-Chrom Q. Initial temperature 80® for 
1 min, then program at 8®/min to 260®. 
Carrier gas flow rate 20 ml/min. 
Dimethylaniline Retention Time 5.35 min. 
of their neopentylidene derivatives offers great 
advantages in simplicity and ease of preparation and 
a minimum of expertise is required. Furthermore ̂  the 
time consuming esterification step is eliminated. 
The Decomposition of Trimethylanilinium Hydroxide during 
Pyrolysis Methylation Gas Chromatography 
During the work on the pyrolytic methylation of 
neopentylidene amino acids with methanolic trimethyl-
anilinium hydroxide it was observed that besides the 
expected N^N-dimethylaniline, a further small peak in-
variably appeared having a relative retention time of 
0,41 with respect to the dime thy laniline. The ampli-
tude of this unknown was constant when a fixed amount 
of the TMAH reagent was injected. Furthermore, this 
by-product only appeared during pyrolytic methylation 
when an excess of the reagent was present. The mass 
spectrum of this material [m"̂ ] 108 (84%), [M*̂  - CH3] 93 
(13%) and co-chromatography with an authentic sample 
identified it as anisóle. 
It appeared that the methoxy ring substituent 
Ccime from the methanol used as solvent for the quaternary 
ammonium salt. Therefore it would follow that a series 
of alkoxy benzenes should be identifiable depending on 
the particular alcohol employed in the preparation of 
the TMAH (Equation 6). 
Ph-N(CH3) 3'*'oh" + R-OH • P h - O R + Ph-N(CH3)2 (6) 
This was found to be the case. Pyrolysis of 
inethanolic, ethanolic and propanolic solutions of 
p-chlorotrimethylanilinium hydroxide gave in each 
instcuice some of the corresponding £-methoxy, -ethoxy 
and -propoxy chlorobenzene. (The £-chloroanilinium 
hydroxides were prepared because the higher concentra-
tion of by-product so obtained facilitated identifica-
tion - see below). 
A possible explanation for the formation of such 
products as anisóle is that the strongly basic TMAH 
reagent is vulnerable to nucleophilic attack by the sol-
vent in the injection port heater of the GC. Such a 
nucleophilic displacement reaction should be enhanced by 
electronegative substituents in the ortho or para posi-
tions of the aromatic ring. Consequently, it was decided 
to examine the decomposition characteristics of p-chloro-
and p-nitrotrimethylanilinium hydroxides in irethanol. 
The first problem^ however, was the preparation of these 
hydroxides from the p-chloroaniline and p-nitroaniline 
availcLble to us. 
The laboratory scale preparation of N,N-dimethyl-
anilines from anilines is not without its difficulties. 
The Wallach reductive methylation^^l'1^^ is suitable for 
the N-methylation of anilines when the active positions 
(2r 4, 6) are blocked, as is the case for mesidine^^^ 
and tribromaoaniline^^^. However, other anilines undergo 
condensations between formaldehyde and reactive nuclear 
hydrogen leading to varied products, often polymeric, 
some of which themselves may be partially or exhaustively 
methylated on the nitrogen. By modifying the Wallach pro-
cedure, seventeen aromatic amines have been methylated in 
yields reportedly ranging from 23-98% by Borkowski and 
Wagner . 
Application of the modified Wallach procedure 
to p-chloroaniline produced the methylated derivative in 
30% yield after isolation by vacuum distillation. Reductive 
methylation of p-nitroaniline was less successful apparently 
because i t was f a i r l y insoluble in formic ac id . Some 
of the required dimethylaniline was iso lated in low 
y ie ld (25%) by a s l i gh t ly s impl i f ied procedure devised 
by B o g o s l o v s k i i l . 
The next step was conversion of the dimethyl-
anil ines to the corresponding quaternary ammonium s a l t s . 
p-Chlorodimethylaniline reacted smoothly with methyl 
iodide in dry ethylacetate and the p-chlorotrimethylani-
linium iodide c rys ta l l i sed from solution as f ine white 
needles. Attempts to condense p-nitro-N,N-dimethylaniline 
with methyl iodide in a similar manner f a i l ed . This was 
in agreement with the findings of Zaki^^^. However, 
p-nitrotrimethylanilinium chloride was successful ly pre-
pared by fol lowing the method of a later report by the 
same a u t h o r ^ T h i s involved treating the tert iary 
base with methyl sulphater neutralising the product with 
sodium carbonate and then precipitat ing the p icrate . The 
quaternary ammonium chloride was f ina l l y iso lated following 
decomposition of the picrate with concentrated hydrochloric 
acid and was converted to the hydroxide by the action of 
s i l v e r oxide in methanol. 
As predicted, pyrolysis of methanolic p-chloro-
and p-nitrotrimethylanilinium hydroxides gave greater 
yields of the reaction products 02N-C6H^0CH3 (95%) and 
C1-C6H^CX:H3 (8%) than produced using methanolic TMAH 
(< 1% anisóle). 
It is possible that formation of the respective 
anisóles may interfere with the GLC analysis of the 
fatty acids and amino acids. In such cases we had 
suggested that solutions of the anilinium hydroxides 
in dimethylformamide be used^^. However, preliminary 
investigations showed that there are solubility problems 
with such preparations. It may be necessary to com-
promise and use some small percentage of methanol in 
DMF to overcome this difficulty. 
C, APPLICATION OF THE GAS CHROMATOGRAPHY OF NEOPENTYLIDENE 
AMINO ACIDS TO THE ANALYSIS OF PHYSIOLOGICAL FLUIDS 
A systematic screening of mentally retarded 
children cind selected patients particularly suspect 
of metabolic disease from a clinical point of view 
was iindertaken. There are three basic steps required 
in preparing the urine and serum samples for analysis. 
These are: 
(a) separation of the amino acid fraction 
from the physiological fluid; 
(b) a chemical modification of these amino 
acids to give volatile derivatives, and 
(c) the analysis of the modified sample by 
gas chromatography. 
Amino acids are normally separated from other 
metabolites which may interfere with a GLC analysis 
by an ion-exchange clean-up. This first step is often 
the most time consximing of the sequence. For the 
analysis of urine samples we used the procedure of 
Harris et al (1961) who reported quantitative recovery 
of amino acids with Dowex 50W-X8 (200-400 mesh) resin 
in the hydrogen form^^®. We foiand it necessary to use 
larger volumes of eluant than those quoted previously. 
A study of the recoveries of representative amino 
acids compared with a reference mixture which had not 
been passed through the column gave the following re-
coveries: glutamic acid 75%, lysine 100% and tyrosine 
98% (Harris reported 90% dicarboxylic, 97-100% neutral 
and 100% basic amino acids). 
The principal contaminant in serum is protein. 
Deproteinisation may be effected by ion-exchange chroma-
tography*^®, by precipitation with picric acid or alcohol 
or by ultra-filtration or equilibrium dialysis*^^. It 
was found to be most convenient to precipitate the pro-
tein with alcohol®®. In this procedure the precipitated 
protein is centrifuged off and tlie supernatant evaporated 
to dryness. This residue contains all the ainino acids 
and most of the fatty acids. The method is convenient 
and rapid and all protein amino acids can be subsequently 
separated from the fatty acid contaminants by GLC on an 
OV-17 column. 
Urinary and serum amino acids isolated as des-
cribed were converted to the neopentylidene esters by 
- 5 4 -
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<ff) Serum amino acids f r o m a Phenylketonurie patient . 7, 2-Amino-n-octanoic acid 
(internal s tandard) ; 2, phenylalanine; S, palmitic acid; 4, stearic and oleic acids. (6) Serum 
amino acids f r o m a tyrosinosis patient. J, 2-Amino-n-octanoic acid (internal s tandard) ; 2, pal-
mitic acid; S, tyrosine; 4, stearic and oleic acids, (c) Serum amino acids f r o m a case of maple 
syrup urine disease. J, Alanine; 2, glycine; i , valine; 4, leucine and isoleucine; 5, 2-amino-
n-octanoic acid (internal s tandard) ; <5, glutamic acid; 7, orni thine; phenylalanine; 9, lysine; 
10, palmitic acid; 11, stearic and oleic acids, {d) Urine amino acids f r o m a patient suffering 
f r o m cystine-lysinuria. 7, Orni thine; 2, lysine; internal s tandard was not added to this sample, 
(e) Urine amino acids f r o m a case of phenylketonuria . 7, Alanine; 2, glycine; i , glutamic acid; 
4y phenylalanine; internal s t andard not added. ( / ) Urine amino acids f rom the pat ient with 
the " u n k n o w n " amino acid. 7, jS-Aminoisobutyric ac id; internal s tandard not added. 
both the conventional method and by pyrolytic methylation. 
Table 8 lists 15 known inborn errors of amino 
acid metabolism detectable by GLC-MS of the neopentylidene 
amino acid ethyl esters. Characteristic profiles of some 
of the more common aminoaciduarias (Figure 10) illustrate 
the large increases in urinary and serum amino acid con-
centrations associated with such diseases, A further 
promising application of this procedure was to the identi-
fication of 'unknown' and possible new metabolites. Two 
such cases were encoxintered in this department. 
The first case related to the appearance of an 
•unknown' spot during the routine screening of urinary 
amino acids by thin-layer chromatography at the Royal 
Children's Hospital (Parkville, Victoria). After isolation 
and derivatisation of the urine sample the neopentylidene 
ethyl esters were chromatographed (Figure 10f). The mass 
spectral fragmentation pattern of the 'unknown' was found 
to be consistent with that of an aminobutyric acid 
[199, (M"̂ ); 184, (M"*" - CH3 ) ; 142, (M**" - C (CH3 )3 ) ; 126, 
(m"*" - COOC2H5)]. Comparison of this spectra with that of 
3 possible isomeric aminobutyric acid reference spectra 
showed that the 'unknown's' spectrum was identical with 
TABLE 8 
INBORN ERRORS OF AMINO ACID METABOLISM DETECTABLE 
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY OF SERUM 
AND URINARY AMINO ACIDS 
Disease 
Increased concn. of 
detectable amino acid* 
in blood and urine 
Cystinuria 
Oys t ine - ly s in ure a 
Hartnup disease 
Homocy s t in ure a 
Hype r-ß-aIan inemi a 
Hype rlys inemi a 
Hype rme th i on ine mi a 
Hype rtryp toph an emi a 
Hype rvalinemi a 





















* 10-20 times normal concentration 
that obtained from B-aminoisobutyric acid. This urinary 
amino acid is not commonly excreted in large amoimts. 
Dent and co-workers were the first to identify it in 
human urine in 1951^^^ and since then it has been found 
in the urine of subjects exposed to radiation ̂ ^̂  and in 
patients suffering from leukemia^^ **' ̂  ̂  ̂ . Armstrong et al 
have made a detailed study of its excretion^^®• 
The second case related to extracts from the 
mushroom 'Namanama'^^'. Separation by paper chromato-
graphy gave 12 amino acids which were subsequently gas 
chromatographed as the neopentylidene ethyl esters. 
This profile had a GLC peak,whose retention time did 
not correspond to that of the common protein amino acids, 
lying between threonine and aspartic acid. The mass 
spectrum was characteristic of an a-amino acid [240, 
(M*** + 1); 224,(̂ 4*̂  - CH3 ) ; 182, (M'*' - 0(^3)3); 166, 
(m"*" - COOC2H5)]. It was later positively identified as 
L - 2-amino-4-methylhex-5-enoic acid, a previously un-
reported naturally occurring amino acid^^®. 
The advent of GC-MS has opened the way to the 
study of metabolic defects using precursors labelled with 
stable isotope. The use of isotopes such as deuterium is 
FIGURE 11 
DEUTERATED TYROSINE STUDIES 
C H 2 — C H - C O O H 
N H o 
(a) 
3 \ 
H 3 C - S i 
H 3 C 
- 0 _ / \ C H + 
(b) 
without risk to man and permits the execution of in 
vivo experiments both on patients and normal controls 
Deuterated tyrosine (Figure 11a) was administered to a 
tyrosinosis patient and the distribution of the label in 
the tyrosine and its metabolites was followed as a func-
tion of time. The silyl neopentylidene tyrosine ethyl 
ester,prepared via SOCI2 - C2H5OH esterification ,was 
unsuitable for this investigation as back-exchange of 
the deuterium label was found to occur under the acid 
conditions. Application of the pyrolytic methylation 
procedure to the tyrosine analysis overcame this diffi-
culty. Thus the deuterium content of the tyrosine was 
determined by examining the relative intensities (RI) 
of labelled to unlabelled peaks for the mass spectral 
fragment ion [ H 3 C - O - C6H^ - CH2 by mass fragmen-
tography. The unlabelled ion (R I ^ DQ ) has a molecular 
weight of 121, the mono-labelled ion (RI^Di) is 122 and 
the fully labelled ion (RI,D2) has molecular weight 12 3. 
The extent of deuteration was expressed as: 
% deuterium content = IDZ/IDQ + DI + D2) ] x 100 
The deuterium content of the tyrosine ingested 
by the patient was 81%. (The same calculation determined 
TABLE 9 
TURNOVER RATE OF FREE TYROSINE 
IN TYROSINOSIS PATIENT FOLLOWING ORAL 
LOADING WITH LABELLED TYROSINE 
DATE TIME % DEUTERIUM CONTENT 
OF SERUM TYROSINE 
21.11.74 9. 00 a.m. * 1.5 
11. 45 a.m. 11.4 
5. 30 p.m. 22.8 
22.11.74 9. 45 a.m. 15.4 
23.11.74 10. 30 a.m. 3.9 
•Time of oral loading with labelled 
tyrosine (deuterium content 81%). 
from the trimethylsilyl ion of the neopentylidene ethyl 
ester (Figure lib) prepared by acid-catalysed esterifi-
cation was 19%). Table 9 gives the time course values 
for the percent deuterium content of serum tyrosine 
following an oral loading of 200 mg of the Da-tyrosine/Kg 
body weight, 
Pyrolytic methylation was also successfully 
applied to the general screening of serum amino acids 
isolated as described above. The method has obvious 
advantages in speed and convenience over previously pub-
lished GLC procedures. Figures 12 and 13 are typical 
GLC profiles of serum amino acids from a normal and from 
aminoacidemic patients - PKU^ tyrosinosis and maple syrup 
urine disease. Normal serum spiked with increasing amounts 
of tyrosine was found to give a linear response over the 
concentration ranges normally encountered for tyrosinosis 
(0-40 mg Figure 14), Samples could be concentrated 
without fear of losses since the amino acids were in salt 
form. Although the large dimethylaniline peak obscured 
valine from the profile this was overcome by chromatography 
on a 5% SE-30 column if required. The procedural simplicity 
makes the method adaptable to automation on a large scale 
screening basis^*® for the detection, identification and 
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FIGURE 12 LEGEND 
PYROLYTIC METHYLATION GAS CHROMATOGRAPHY 
OF NEOPENTYLIDENE AMINO ACIDS DERIVED FROM SERUM 
(a) NORMAL SERUM 
1 alanine 
2 glycine 
3 leucine and isoleucine 
4 threonine 
5 serine 
6 aspartic acid 
7 a-amino-n-octanoic acid 
(internal standard) 




12 palmitic acid 
13 tyrosine 
14 stearic and oleic acids 
(b) TYROSINOSIS SERUM 
1 a-amino-n-octanoic acid 
2 tyrosine 
(a) 
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FIGURE 13 LEGEND 
PYROLYTIC METHYLATION GAS aiROMATOGRAPHY OF 
NEOPENTYLIDENE AMINO ACIDS DERIVED FROM SERUM 
(a) PHENYLKETONURIC SERUM 
1 a-amino-n-octanoic acid 
2 phenylalanine 
3 palmitic acid 
4 stearic and oleic acids 
(b) MAPLE SYRUP URINE DISEASE SERUM 
1 alanine 
2 glycine 
3 leucine and isoleucine 
4 a-amino-n-octanoic acid 






Calibration Curve for Serum Tyrosine 
via Pyrolytic Methylation of the 
Neopentylidene Derivative 
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D. APPLICATION OF PYROLYTIC ALKYLATION TO SYNTHETIC ORGANIC 
CHEMISTRY 
(a) Preparation of Carboxylic Acid Benzyl Esters 
When quaternary ammoniiim salts are decomposed, 
substituent groups are eliminated preferentially in 
the order CHPha > CHzPh > CHj^'®. On this basis, it 
was decided to investigate the pyrolysis of the 
benzyIdimethylanilinium (N-benzyl-N,N-dimethy1-N-
phenylammonium) salts of carboxylic acids (Figure 15) 
and amino acids. The benzyl esters are particularly 
suitable for the GLC analysis of the short chain car-
boxylic acids because they are less volatile than the 
corresponding methyl esters^^^'^. However, when 
solutions of carboxylic acids in methanolic benzyldi-
me thy lanilinium hydroxide (N-benzyl-N,N-dimethyl-N'-
phenylammonium hydroxide; BDMAH) were pyrolysed in the 
flash heater of the gas Chromatograph both methyl and 
benzyl esters v/ere formed, (Myristic acid was converted 
to benzyl and methyl esters in the ratio 8:3) • The GLC 
profiles were further confused by the by-products formed 
from the decomposition of the BDMAH reagent. The three 
major by-products were identified by GC-MS. As expected. 
two of these were the anilines N.N-dimethylaniline and 
N-benzyl-N-methylaniline. The third derivative was 
tentatively identified as a ring methylated rearrangement 
2-methyl-N-methylaniline. 
Although a greater amount of the benzyl ester 
was formed^ the pyrolytic reaction conditions in the 
flash heater of the GC did not sufficiently favour 
elimination of the benzyl over the methyl group to allow 
this technique to be used for the GLC analysis of fatty 
acids or neopentylidene amino acids. However, by carrying 
out the thermal decomposition of the benzyldimethylanilinium 
salts of carboxylic acids in an inert solvent at reflux 
temperature, a method was successfully developed for the 
preparative scale benzylation of carboxylic acids 
Unlike the analogous reaction in methanol or ethanol, 
Fischer esterification of carboxylic acids in benzyl alco-
hol proceeds with some difficulty. This has been attributed 
to the higher degree of steric hindrance imposed by the 
bulky benzyl group, the unfavourable equilibrium which may 
result because of inadequate removal of water from the 
reaction mixture and the difficulties encountered in 
evaporating the high boiling benzyl alcohol solutions at 
temperatures that would not lead to decomposition of 
the products. Alternative routes to carboxylic acid 
benzyl esters are available but each has some limitation. 
The silver salt method is time consuming and benzylation 
with phenyldiazomethane^^*» is difficult to implement on 
a preparative scale because of the explosive nature of 
the reagent. N,N'-dicyclohexyl-O-benzylisourea has been 
employed^^^ but requires careful time consuming prepara-
tion and like phenyldiazomethane it is relatively unstable 
The reagent used for the present esterification 
procedure was methanolic benzyldimethylanilinium hydroxide 
which was readily accessible by condensing dimethylaniline 
and benzyl chloride followed by treatment of the resulting 
benzyldimethylanilinium chloride with silver oxide 
(equations 7 and 8). 
Ph-N(CH3)2 + BzCl ^ Ph-N(CH3) 2 Bz"̂  Cl~ (7) 
Ph-N(CH3)2 Bz"*" C r clzOE ^ Ph-N(CH3)2 Bz"̂  OH*' (8) 
When stored at O® the reagent was found to be quite 
stable. A solution initially titrated at 0.258 N was 
found to be 0.233 N two months later. 
FIGURE 15 
THERMAL DECOMPOSITION OF 
BENZYLDIMETHYLANILINIUM SALTS 








~̂̂ y-COOBz + Ph-N(CH3)2 
BzO 
The acid to be esterified was dissolved in 
an equivalent of the methanolic BDMAH and the solvent 
removed in vacuo. The benzyldimethylanilinium salt 
of the carboxylic acid was then thermally decomposed 
by reflux in toluene (Figure 15)• This esterification 
procedure is thorough and mild and even sterically 
hindered acids such as 2,4,6-trimethylbenzoic acid 
are converted cleanly to their benzyl esters in good 
yields. Other acidic functions such as phenolic 
hydroxyl groups are also benzylated under these con-
ditions . 
The suitability of the procedure was demon-
strated by application to a number of both mono- and 
dicarboxylic acids. Table 10 s\ammarises the results 
of these esterifications. The purity and structure 
of the derivatives were confirmed by GLC using a 
5* X i"" stainless steel column packed with 3% Apiezon 
N on Gas Chrom. Q, by microanalysis and by mass spec-
trometry. 
(b) Preparation of Tryptophan Benzyl Ester 
Successful application of the reagent benzyl-
dimethylanilinium hydroxide to the preparation of 
TABLE 10 











Ester' m. p. b. p. 
Yield 
(%) 



























— I59--I6O7 81 
2.8 torr 
Lit. 1 ^ 2 
178-1807 
9 torr 
— 129-1307 75 
0.5 torr 
Lit. 1 ^ 2 
175-1767 
12 torr 
— 164-1667 77 
2.2 torr 
Lit. 1 ^ 3 
164-1697 
2.5 torr 
54-57° 214-2167 65 
0.7 torr 
— 212-2157 68 
0.8 torr 




40-42° 194-1977 75 
1.1 torr 
Lit. l h 2Lit. 1 h 2 
45° 2387 
14 torr 
37-38° 198-2007 65 
0.55 torr 
Lit . l k 5Lit. 1 «f 5 
38.5- 170-1757 
39.5° 0.25 torr 
212, M® (10%). 
226, M® (2%). 





327,M® + 1 (0.1%). 
CH3 
H j C - ^ ^ C O 
CH3 
(15%), 163 
" The purity of the products was confirmed by G.L.C. using an 5 x 1/8" column of 3% Apiezon N on Gas Chrom Q. Satisfactory 
analytical data were obtained for all compounds. 
'' Mass spectral data were recorded on an EAI Quard 300D mass spectrometer. 
O 
carboxylic acid benzyl esters prompted investigation 
into further uses of this mild benzylating technique. 
The use of amino acid benzyl esters in synthetic 
peptide chemistry offers advantages over the corresponding 
methyl and ethyl derivatives. Whereas the latter groups 
must be cleaved by alkaline saponification, the benzyl 
ester function can be removed by acidolysis or by cata-
lytic hydrogénation \mder conditions which permit the 
simultaneous cleavage of N-acyl protecting groups such 
as benzyloxycarbonyl (Cbz) and t-butyloxycarbonyl (t-Boc)*, 
In most cases amino acid benzyl esters are prepared 
directly by acid-catalysed esterification^'. However, 
with acid sensitive amino acids such as tryptophan, 
synthesis can only be achieved indirectly by formation 
of the N-carboxyanhydride with phosgene followed by 
treatment of the intermediate with benzyl alcohol^^^. 
MacLaren has used 'fugitive' N-protecting groups (1,3--
dicarbonyls) to synthesise amino acid esters whereby the 
resulting derivatives are alkylated at the carbonyl 
group by substituted benzyl and other halides. Mild 
* In addition to the abbreviations t-Boc and Cbz, Bz 
has been used for benzyl and NBz for p-nitrobenzyl. 
acidolys is then reinoves the ciini.no protection to give 
the salt of the amino acid ester. However, he reports 
that "tryptophan presented some problems 
It was found that tryptophan can be successfully 
esterified in a manner which avoids the difficulties of 
handling such hazardous chemicals as phosgene, via 
thermal decomposition of benzyldimethylanilinium salts 
of the N-protected amino acid. (Direct application of 
the benzylation procedure to free amino acids was Tan-
successful) . 
A convenient starting material was t-Boc-trp, 
which when treated as for the carboxylic acids was con-
verted to t-Boc-trpOBz in good yield (83%). After 
removal of the t-Boc group with formic acid^^^ the 
crystalline formate salt of trpOBz was isolated, again 
in high yield (86%; overall yield 71%). A similar pro-
cedure using p-nitrobenzyldimethylanilinium hydroxide 
was foimd to give trpONBz. However, it was more difficult 
to isolate the p-nitrobenzyl ester as the pure crystalline 
solid and it was obtained in lower yield. 
A simplification of this method v/as made by using 
a "fugitive' N-protecting group during the esterification 
FIGURE 16 
THE PREPARATION OF TRYPTOPHAN BENZYL ESTER 
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as implemented by MacLaren^^®. This involved the 
reaction of the benzyldimethylanilinium salt of trp 
(Figure 16a) with 5-chloro-2-hydroxybenzophenone (16b) 
at room temperature to form the acid labile ketimine 
salt ( 1 6 c ) A f t e r conversion of the intermediate 
salt to the benzyl ester (16d) the N-protection was 
removed by treatment with dilute formic acid at 70® 
to yield the formate salt of trpOBz (16e) . 
Since racemisation of Schiff's bases by base-
catalysed tautomerism is possible*the steric purity 
of trpOBz.HCOOH had to be determined. This was most 
conveniently done by removing the benzyl function by 
catalytic hydrogenolysis and demonstrating the steric 
purity of the recovered L-trp by GLC via the L-trp(+)-
sec-butyl ester^**^. This analysis showed the presence 
of approximately 2% D in the recovered tryptophan. 
EXPERIMENTAL 
FIGURE 17 
The Packard Model 419 Becker Gas 
Chromatograph used for amino acid 
analyses. 
GENERAL 
Gas-liquid chromatographic separations were 
carried out with a Packard Model 419 Becker Gas Chromato-
graph using quartz tip flame ionisation detectors (Figure 
17). The columns employed were: an 8' x -J-" 0,D. stain-
less steel column and a 2m x 2,5cm I.D. glass column 
packed with 5% silicone OV-17 on dimethyldichlorosilane 
(DMCS)-treated Chromosorb W (80-100 mesh) ; a 2m x 2.5cm 
I.D. glass column packed with 10% silicone OV-17 on DMCS-
treated Chromosorb W (80-100 mesh); and a 6* x i" O.D. 
stainless steel column and a 2m x 2.5cm I.D. glass column 
packed with 3% Apiezon N on Gas-Chrom Q (80-100 mesh) . 
In all cases nitrogen was the carrier gas at a flow rate 
of 20 ml/min. Injection ports and detectors were generally 
at 240®. Programmed separations were normally carried 
out at 8®/min with an initial temperature of 80® or 100®. 
Low resolution mass spectra were recorded on an 
EAI QUAD 300D electrically scanning mass spectrometer 
which had been interfaced by means of a Biemann separator 
to a Varian gas chromatograph Model 600C fitted with a 
flame ionisation detector (Figure 18). Operating conditions 
for the mass spectrometer were: ion source temperature 250®, 
FIGURE 18 
The GC-MS system used for structural analysis of 
amino acid derivatives, 
1. The Varian gas chromatograph Model 60OC, 
2. The Variai! Aerograph linear temperature 
programmer Model 330. 
3. The Biemann Separator interface. 
4. The EAI QUAD 300D electrically scanning 
mass spectrometer. 
ionising current 50 ya and ionising voltage 70 eV, 
The Varian gas Chromatograph was fitted with an 
8' X i" O.D. stainless steel column packed with 5% 
silicone OV-17 on DMCS-treated Chromosorb W (100 mesh). 
The carrier gas was helium at a flow rate of 20 ml/min. 
Programming of the Chromatograph oven was controlled 
by a Varicin Aerograph Linear Temperature Programmer 
Model 330. 
Melting points were determined using a hot 
stage micro-melting point apparatus. Melting points 
and boiling points are uncorrected. 
Optical rotations were measured on a Hilger 
instrument using a 0.5 dm, 5 ml Polarimeter tube. 
Microcinalyses were carried out by Dr. E. Challen 
of the University of New South Wales. 
The GLC steric purity analyses were performed by 
Dr. G. Pollock of the NASA AMES Research Center, Moffet 
Field, California. 
Standard solutions of the individual L-amino 
acids were made up in aqueous solution or dilute HCl at 
a concentration of 10 mole/litre and were stored 
at 5®. The amino acids were supplied by BDH Chemicals 
Ltd . , Poole, Ehglánd, and by E. Merck, 61 Darmstadt, 
Germany, 
Pivaldehyde C2,2~dimethylpropanal) was obtained 
from Flxaka AG Chemische Fabrik CH-9471 Buchs Schweiz. 
Bis(trimethylsilyl)trifluoroacetamide (BSTFA) 
was supplied by the Regis Chemical Co., Chicago, in 1 ml 
ampoules stored under nitrogen. 
Molecular sieve type 3A ( V i s " pellets) was 
manufactured by the Linde Air Products Co., and was 
distributed by BDH Chemicals Ltd. 
A. NEOPENTYLIDENE AMINO ACID ETHYL ESTERS 
' Super-Dry' Ethanol^ ** ̂  
A dry one-litre round-bottomed flask was fitted 
with a double surface condenser and a drying tube. 
Clean dry magnesium turnings (2.5g) and iodine (0.25g) 
were placed in the flask followed by absolute alcohol 
(30 ml). The mixture was warmed until the iodine had 
disappeared and until most of the magnesium was con-
verted to the ethylate. More absolute alcohol (450 ml) 
was then added and the mixture refluxed for 30 minutes. 
The alcohol was distilled off and stored over 3A sieve. 
Thionyl Chloride-Ethanol Reagent 89 
Super-dry ethanol (9 ml) was cooled in dry ice/ 
acetone and freshly distilled thionyl chloride (1 ml) 
was added dropwise. 
Neopentylidene Amino Acid Ethyl Ester Reference 
Compounds 
The amino acid (1 mg) was esterified by heating 
under reflux (30 min) with the thionyl chloride-ethanol 
reagent (1 ml) or by heating in a vial (fitted with 
a teflon-lined screw cap) at 95® for 90 minutes. After 
evaporation, derivatisation was completed by adding 
pyridine (300 yl) , triethylamine (100 yl), pivaldehyde 
(40 yl) , BSTFA (100 yl) and molecular sieve. After 
standing (30 min) at room temperature (see discussion) 
a sample was injected into the GC and a reference mass 
spectrum of the derivative recorded. 
RELATIVE MOLAR RESPONSES OF THE NEOPENTYLIDENE AMINO 
ACID ETHYL ESTERS 
The amino acids were derivatised in two groups; 
those unaffected by BSTFA (group A) and the silyl 
neopentylidene derivatives (group B). 
Group A. Aliquots of each of the standard amino 
— 2 
acid solutions (50 yl, 10 M) were transferred to a screw-
capped vial and taken to dryness at 50® under a stream of 
nitrogen. The last traces of water were removed by 
azeotroping with methylene chloride. The residue was 
esterified with the thionyl chloride-ethanol reagent (1 ml) 
by heating the vial at 95® for 90 min. After evaporation 
\mder dry nitrogen^ pyridine (100 ]xl) , trie thy lamine 
(50 ]xl) , pivaldehyde (50 yl) and molecular sieve (3A) 
were added. The solution was kept at room temperature 
(120 min) and a sample (3 yl) was injected into the 
GC and a programmed separation carried out on the 10% 
OV-17 column (1 min at 100® then program to 280® at 
8®/min). Relative peak intensities were measured with 
respect to a-amino-n-octanoic acid for four separate 
preparations to give the relative molar response values 
(Table 4). 
Group B. The ethyl ester hydrochlorides were 
prepared as described for Group A. Derivatisation was 
completed by adding pyridine (100 yl) ̂  pivaldehyde (50 yl) ̂  
BSTFA (50 yl)r and molecular sieve (3A). After standing 
at room temperature (60 min) the programmed GLC separa-
tion was carried out and the RMR values determined. 
Linearity of Response of Neopentylidene Amino 
Acid Ethyl Esters 
^rosine (1.0, 2.0, 3.0 x 10 mmol) and lysine 
(1.0, 2.0, 3.0 X lO'^mmol) were derivatised in the 
presence of internal standards p-chlorophenylalanine and 
a-amino-n-octanoic acid (1.0 x lÔ îninol) as described 
for the reference amino acid derivatives. Programmed 
GLC analyses were carried out on the 8' x o.D. 
stainless steel 5% OV-17 column. The relative peak 
intensities are graphed in Figure 6. 
A Semi-Quantitative Comparison of the Rate of 
Schiff's Base Formation over 3A Molecular Sieves 
To 2 screw-capped vials were added a-amino-n-
octanoic acid and lysine (100 ]il each; 10"^M) . After 
evaporating to dryness imder a stream of nitrogen the 
samples were esterified in the usual manner. Derivatisa-
tion was completed by adding pyridine (250 pi) , triethyl-
amine (50 yl) and pivaldehyde (50 \xl) in the presence of 
four sticks of molecular sieve (3A, 1/16" pellets; Union 
Carbide) . The sieves for the respective vials came from 
different batches obtained through BDH Chemicals Ltd., 
Poole, England. 
Injections (3 yl) were made over a period of time 
(6 hr) and the absolute and relative heights of the 
neopentylidene esters were determined. Equilibrium was 
obtained in 90 minutes in one sample and 180 minutes in 
the second sample. 
B. PYROLYTIC METHYLATION OF NEOPENTYLIDENE AMINO ACIDS 
T r i m e t h y l a n i l i n i u m Hydroxide (TMAH) 
Tr imet±iylani l in i \a i t i c h l o r i d e (6 .90 g , 40 mmol) 
and s i l v e r o x i d e (6 ,00 g, 30 mmol) were s t i r r e d i n 
anhydrous m e t h a n o l (100 ml) f o r 2 h r . The s u s p e n s i o n 
was removed by f i l t r a t i o n and s e v e r a l a l i q u o t s were 
t i t r a t e d t o a p h e n o l p h t h a l e i n e n d - p o i n t w i t h H2S0H 
(0 .100 N ) . The h y d r o x i d e s o l u t i o n was 0 .36 N. A 
s u i t a b l e p o r t i o n was d i l u t e d t o 0 .20 N and s t o r e d o v e r 
m o l e c u l a r s i e v e (3A) a t O®. 
D e r i v a t i s a t i o n of Amino Acids 
An aqueous s o l u t i o n c o n t a i n i n g t h e amino a c i d 
m i x t u r e ( 0 . 1 mg of each amino a c i d o r t h e amino a c i d 
h y d r o c h l o r i d e ) was e v a p o r a t e d t o d r y n e s s under a s t r e a m 
of n i t r o g e n i n a s c r e w - t o p p e d r e a c t i o n v i a l . The l a s t 
t r a c e s of w a t e r were removed by a z e o t r o p i n g w i t h m e t h y l e n e 
c h l o r i d e . The r e s i d u e was r e d i s s o l v e d i n t h e TMAH r e a g e n t 
(0 .50 ml ; 0 .20 N) and p i v a l d e h y d e (20 y l ) and m o l e c u l a r 
s i e v e (3A) were added . A f t e r 15 minu te s a t 70® ( see 
d i s c u s s i o n ) an a l i q u o t of t h e r e a c t i o n m i x t u r e was u sed 
d i r e c t l y f o r GLC. 
Calibration Curves for Lysiner Tyrosine and 
Glutamic Acid 
To eadhi of 4 screw-topped vials was added the 
internal standard p-chlorophenylalanine (100 yl, lO^^M) 
and 100, 200, 300 and 400 yl respectively of the amino 
acid solution (lO^^M). After evaporating to dryness 
vmder a stream of nitrogen, the residue was redissolved 
in TMAH (500 pi; 0.20 N) and pivaldehyde (20 yl) and 
molecular sieve (3A) added. The vials were heated at 
70® (15 min) and an aliquot injected into the GC. The 
results are graphed in Figure 8. 
The Decomposition of Trimethylanilinium Hydroxide 
during Pyrolytic Methylation Gas Chromatography 
N , N - D i m e t h y l ~ p - c h l o r o a n i l i n e 115 
The apparatus comprised a 250 ml two-necked flask 
fitted with a dropping funnel and with the second neck 
left open to vent the evolved carbon dioxide. Paraform-
aldehyde (7.5 g) and formic acid (50 ml, 98%) were mixed 
and warmed gently (most of the former dissolving) . 
p-chloroaniline (12.7 g in 30 ml diethyl ether) was then 
introduced gradually with heating and vigorous agitation 
over 1 hr. The reaction mixture was poured into a chilled 
solution of sodium hydroxide (32 g) and sodium sulphite 
(38 g). The benzene extract of this solution was dried 
over MgsO^^ filtered and evaporated to dryness. The 
solid residue was redissolved in the minimum of warm 
benzene and allowed to stand, whereupon a solid crystal-
lised. This was removed by filtration, the benzene 
evaporated and the oily residue distilled under reduced 
pressure to give N,N-dimethyl-p-chloroaniline (4.7 g, 30%). 
b.p. 56-58® at 0.8 torr. (lit: b.p. 233-236®) . 
N,N,N-Trimethyl-p-chloroanilinium Iodide 
A solution of N,N-dimethyl-p-chloroaniline 
(1.0 g) in dry ethyl acetate (15 ml) was treated with 
an excess of methyl iodide (2.0 g). The iodide crystal-
lised on standing over night (1.5 g, 80%; m.p. 203-204®) . 
N ,N-Trimethyl-p-chloroanilinium Hydroxide 
N,N,N-trimethyl-p-chloroanilinium iodide (2.0 g) 
was stirred with silver oxide (2.0 g) in anhydrous methanol 
(20 ml) for 3 hr at room temperature. After filtration 
the filtrate was stored at O® over molecular sieve (3A). 
The concentration determined by titration to a Phenolph-
thalein end-point with H2SO,» (0.100 N) was 0.205 N. 
Solutions of N,N,N-trimethyl-p-chloroanilinium 
hydroxide in ethanol and propanol were similarly prepared. 
N rN-Dimethy1-p-nitroaniline ̂  ̂  ̂  
p-nitroaniline (20 g) was dissolved in formic 
acid (98%, 45ml) by heating on a water bath. To this 
solution was added formaldehyde (formalin, 37%; 45 ml) 
and the heating continued for a further 30 min. When 
cool, the solid was removed by filtration and recrystal-
lised from acetic acid. Further purification was effected 
using a silica column and benzene-chloroform (3:1) eluant. 
On concentration of the eluate, the N,N-dimethylaniline 
was obtsdned crystalline (6.0 g, 25%) m.p. 155-6®. 
(lit: m.p. 161-163®) 
N,N,N-Trimethyl-p-nitroanilinium Sulphate 1X8 
N,N-dimethyl-p-nitroaniline (2.6 g) and dimethyl 
sulphate (12 ml) were heated under reflux (1 hr) on a 
water bath. During this time large brown plates of the 
dimethyl sulphate crystallised from solution. (If the 
crystals redissolved on standing, addition of anhydrous 
ether precipitated the sulphate initially as an oil but 
then with shaking this rapidly solidified). The 
trimethyl-p-nitroanilinium sulphate was washed witli 
anhydrous ether and dried (4.1 g, 93%). m.p. 172-175®. 
NfN,N-Trimethyl-p-nitroanilinium Picrate*^ ® 
— 
An aqueous solution of the sulphate (2.0 g in 20 ml) 
was neutralised with sodium carbonate and the picrate pre-
cipitated with a saturated aqueous solution of picric acid. 
The N,N,N-trimethyl-p-nitroanilinium picrate was recrystal-
lised from aqueous alcohol (2.1 q, 73%). m.p. 180-181®. 
(lit: m.p. 182-183®) 
N,N,N-Trimethyl-p-nitroanilinium Oiloride 1 1 8 
The picrate (2.0 g) was refluxed with hydrochloric 
acid (20 ml, 10 N) for 3 hr and the liberated picric acid 
removed by repeated extraction with diethyl ether until 
no yellow colouration was visible in the ether fraction. 
The acid phase was evaporated to dryness and the N,N,N-
trimethyl-p-nitroanilinium chloride was recrystallised 
from absolute alcohol as fine white needles (0.95 g, 
90%). m.p. 169-170®. (lit: m.p. 182-183®)*^®. 
N /N-Trimethyl-p-nitroanilinium Hydroxide 
A mixture of N,N,N-trimethyl-p-nitroanilinitun 
chloride (0.50 g) and silver oxide (0.70 g) in anhydrous 
methanol (10 ml) was stirred for 2 hr. After filtration 
the clear yellow filtrate was stored over molecular sieve 
(3A) at O®. 
GLC of the Anilinium Hydroxides 
To a screw capped vial was added an internal 
standard (naphthalene, 10 yl; 0.10 N in methanol) and 
the respective anilini\im hydroxide (100 pi, 0.20 N) . 
After mixing, a sample (3 yl) was injected into the gas 
Chromatograph. The GLC conditions were: injection port 
and detector temperature 250®; oven temperature 80® for 
1 min, then programmed at 8®/min. A 6* x O.D. stainless 
steel column packed with 3% Apiezon N on Gas-Chrom Q 
(80-100 mesh) was used. Retention times with respect to 
the internal standard (1.00) were: anisóle (0.36), N,N-
dimethylaniline (0.70), p-chloroanisole (0.71), N,N-dimethyl-
p-chloroaniline (1.2 8), p-nitroanisole (1.41) and N,N-
dime thy 1-p-nitroaniline (2.18). 
APPLICATION OF THE 6LC OF NEOPENTYLIDENE AMINO ACIDS 
TO THE ANALYSIS OF PHYSIOLOGICAL FLUIDS 
Urinary Amino Acids - Isolation and Derivatisation 
Urine (5 ml) was filtered and then acidified to 
pH c, 2.0-2.5 with acetic acid (0.5 ml, 8N) . The urine 
was passed through an ion-exchange column (0.9 cm diam. 
by 2.5 cm, packed with Dowex 50W-X8, H"̂ ) (Harris et al 1961)^^^ 
followed by dilute acetic acid (5 ml, 0.5N) and distilled 
water (15 ml). The absorbed amino acids were eluted with 
a triethylamine solution (30 ml, 2N in 20% acetone-water). 
The eluate was evaporated to dryness in vacuo and the 
residue esterified under reflux (30 min; thionyl chloride-
ethanol reagent, 1 ml). After evaporation, derivatisation 
was completed by the addition of acetonitrile (or pyridine) 
(300 yl), triethylamine (100 yl), pivaldehyde (40 yl) and 
molecular sieve (type 3A). BSTFA (0.2 ml) was added 10 
min later and after standing a further 30 min a 2 yl 
ssunple was injected into the GC. 
Recovery of Reference Amino Acid Mixture from 
the Ion-exchange Column 
A mixture of a-amino-n-octanoic acid, glutamic acid, 
lysine and tyrosine (10"''inmol of each) in water (5 ml) was 
chromatographed through Dowex 50W-X8 as described for 
urinary amino acids. The concentrations of the individual 
amino acids relative to a-amino-n-octanoic acid, as deter-
mined by GLC, were compared with those of a reference 
mixture which had not been passed through the ion-exchange 
column. The recoveries of the individual amino acids 
were found to be glutamic acid 75%, lysine 100%, and 
tyrosine 98%. 
Serum Amino Acids - Isolation and Derivatisation 
(i) Neopentylidene Amino Acid Ethyl Esters 
Serum (100 yl) was transferred to a centrifuge 
tube and a standard solution of a-amino-n-octanoic acid 
. 2 
(10 yl; 1 mg/ml aqueous solution or 10 molar aqueous 
solution) was added, followed by absolute alcohol (400 yl) 
The solution was shaken and then centrifuged (5 min, 2600 
rev/min). The supernatant was evaporated to dryness under 
a stream of dry nitrogen. The residue was esterified with 
the thionyl chloride-ethanol reagent (1 ml) by heating 
under reflux or by heating in a screw-capped vial (95®, 
60 min). After evaporation, derivatisation was completed 
by adding pyridine (30 yl), triethylamine (20 yl) , pivalde 
hyde (20 yl)# molecular sieve (3A), and for tyrosine 
analyses BSTFA (50 \xl) was also added. After standing 
approximately 30 min. a sample (3 yl) was injected into 
the GC. 
(ii) Pyrolytic Methylation of Neopentylidene 
Amino Acids 
Serum (200 \xl) was transferred to a centriguge 
tvhe, standard a-amino-n-octanoic acid was added 
(10 \jil, 10'"^M; 8 mg %) , the protein precipitated with 
alcohol (800 yl) and the supernatant taken to dryness 
as described above. The residue was redissolved in 
methanolic trimethylanilinium hydroxide (120 yl, 0,20 N) 
and pivaldehyde (10 pi) and molecular sieve (3A) added. 
The vial was warmed gently (50®C) for 120 min, and a 
3 yl aliquot injected into the GC, 
Linearity of Response of Standard Tyrosine 
Additions to Serum 
Pyrolytic Methylation 
Additions of standard tyrosine (10"^M; 0^10,20, 
30,40 yl, respectively) and a-amino-n-octanoic acid 
10 yl each) were made to 5 samples of normal 
pooled serum (200 yl each) . The amino acids were isolated 
and derivatised by the pyrolysis procedure. The results 
were plotted as 'added tyrosine' versus tyrosine res-
ponse as measured relative to the internal standard 
(Figure 14). 
Mass Fragmentography of Deuterated Tyrosine 
for Metabolic Studies 
The subject was fed orally 200 mg Da-tyrosine/Kg 
body weight. Serum samples taken at the time intervals 
indicated (Table 9) were derivatised by the pyrolysis 
method and the tyrosine derivative analysed by GC-MSi, 
The relative mass intensities of the ions of 121, 122 and 
123 mass units were listed by the computer for 6 mass 
spectral recordings. These were averaged and the percent 
deuterium content calculated (Table 9) . 
Back-Exchange of Deuterium Labelled Tyrosine 
during Acid-Catalysed Esterification 
Da-labelled tyrosine (1 mg) was esterified by 
heating with the thionyl chloride-ethanol reagent (1 ml) 
in a screw-capped vial (90 min) at 95®. The solvent 
was removed under a stream of dry nitrogen and the 
tyrosine ethyl ester hydrochloride derivatised in the 
normal way with pivaldehyde and BSTFA. The s i l y l 
neopentylidene tyrosine ethyl ester was analysed by 
GC-MS, The re la t ive mass in tens i t i es of the ions of 
169, 170, 171 mass units were determined. The percent 
deuterium content was calculated to be 19%. This i s 
to be compared with a value of 81% determined by mass 
fragmentography of the ions of 121, 122 and 12 3 mass 
\anits from the pyro ly t i c methylation derivative of 
neopentylidene tyrosine. 
D. T^PLICATION OF PYROLYTIC ALKYLATION TO SYNTHETIC 
ORGANIC CHEMISTRY 
(a) PREPARATION OF CARBOXYLIC ACID BENZYL ESTERS 
Benzyldimethylanilinium Chloride^^^ 
A mixture of freshly distilled benzyl chloride 
(5.0 g, 40 mmol) and dimethylaniline (4,8 g, 40 mmol) 
was allowed to stand in the dark at room temperature. 
Batches of the crystalline benzyldimethylanilinium 
chloride removed periodically over 10 days were washed 
with anhydrous ether and combined (4.6 g, 46%). m.p. 
172-175®. (lit: 172-4®) 
Benzyldimethylanilinium Hydroxide 
Benzyldimethylanilinium chloride (0.9 g) and 
silver oxide (0.9 g) were stirred in anhydrous methanol 
(10 ml) for 90 min. The suspension was filtered and 
after washing with anhydrous methanol, several aliquots 
were titrated with H2SO., (0.100 N) to a phenolphthalein 
end-point. The reagent solution was 0.248 N and was 
stored at O® over molecular sieve (3A). 
Esterification of Carboxylic Acids; General Procedure 
Preparation of Myristic Acid Benzyl Ester 
Myristic acid {l.Alq, 6.5 mmol) was dissolved 
in methanolic benzyldimethylanilinium hydroxide (26,20 ml, 
0.248 N; 6.5 mmol) and the solvent removed in vacuo. The 
oily residue of the benzyldimethylanilinium salt was 
agitated with benzene, the benzene evaporated and the 
salt was then refluxed in toluene (20 ml, 60 min) . Traces 
of unreacted acid and the dime thy Ian iline by-product were 
removed by extraction of the cooled toluene solution with 
water, dilute HCl (IN) and water. The organic phase was 
dried over anhydrous MgSO^ and concentrated under vacuum 
to give an oily residue. Final purification effected by 
distillation under reduced pressure gave myristic acid 
benzyl ester (1.76g, 86%). b.p. 182-184® at 0.60 torr. 
(lit: b.p. 229-231®) 
Found: C, 79. 37; H, 10.91%. 
Calculated for Czi^z kOz* C, 79.22; H, 10.76%. 
The results of the benzyl ester preparations are 
summarised in Table 10. 
Benzoic Acid Benzyl Ester 
Benzoic Acid (0 .75 g) when treated as described 
in the general procedure gave benzoic acid benzyl ester 
(1 .05 g, 81%). b . p . 159-160® at 2 . 8 torr. ( l it : b . p . 
178-180® at 9 torr) 
Found: C, 79 . 82 ; H, 5 .88% . 
Calculated for Cii^HiiOz: C , 79 .22 ; H, 5.70% 
Phenylacetic Acid Benzyl Ester 
Phenylacetic acid (1 .00 g) treated as described 
in the general procedure gave phenylacetic acid benzyl 
ester (1 .25 g, 75%). b .p . 129-130® at 0 .50 torr. 
( l i t : 175-176® at 12 torr)^^^. 
Found: C, 79.97? H, 6 .16%. 
Calculated for CxsHji^Oi: C, 79 .62 ; H, 6 . 24% . 
2»4y6-Triinethylbenzoic Acid Benzyl Ester 
2r4,6-Triinethylbenzoic acid (1.80 g) treated as 
described in the general procedure gave 2^4,6-trimethy1-
benzoic acid benzyl ester (2 .40 g, 77%). b . p . 164-166® 
at 2 . 2 torr. ( l it : b . p . 164-169® at 2 . 5 torr) . 
Found: C, 79.94; H, 7.29%. 
Calculated for CiyHieOz: C, 80.28; H, 7.13%. 
m-Hydroxybenzoic Acid Benzyl Derivative 
m-Hydroxybenzoic acid (1.00 g) treated with two 
equivalents of the benzyldimethylanilinium hydroxide and 
worked up as described in the general procedure gave 
in-(0-benzyl) benzoic acid benzyl ester (1.50 g, 65%). 
b.p. 198-200® at 0.55 torr. m.p. 37-38®. 
Fomd: C, 73.84; H, 6.82%. 
C H O requires: C, 73.60; H, 6.79%. 
20 22 h 
Indole-3-Acetic Acid Benzyl Ester 
Indole-3-acetic acid (1.00 g) when treated as des-
cribed in the general procedure gave indole-3-acetic acid 
benzyl ester (1.00 g, 68%). b.p. 212-215® at 0.60 torr. 
Foiand: C, 76.95; H, 5.75? N, 5.35%. 
C17HJ5NO2 requires: C, 76.96; H, 5.70; N, 5.28%. 
Succinic Acid Dibenzyl Ester 
Succinic acid (0,50 g) when treated with two 
equivalents of the benzyldimethylanilinium hydroxide 
reagent and worked up as described in the general pro-
cedure gave succinic acid dibenzyl ester (0.95 g, 75%). 
b.p. 194-197® at 1.1 torr. m.p. 40-42®. (lit: b.p. 238® 
at 14 torr. m.p. 45®) 
Found: C, 73.15; H, 6.29%. 
Calculated for CxsHisOi»: C, 12.47; H, 6.08%. 
Adipic Acid Dibenzyl Ester 
Adipic acid (0.50 g) when treated with two 
equivalents of the benzyldimethylanilinium hydroxide 
reagent and worked up as described in the general pro-
cedure gave adipic acid dibenzyl ester (0.74 g, 65%). 
b.p. 198-200® at 0.55 torr. m.p. 37-38®. (lit: b.p. 
170-175® at 0.25 torr. m.p. 38.5-39.5®) ^. 
Found: C, 73.84; H, 6.82%. 
Calculated for C20H22O1»: C, 73.60; H, 6.79%. 
(b) PREPARATION OF TRYPTOPH;^ BENZYL ESTER 
t-Boc-trpOBz 
t-Boc-trp (60 8 mg, 2 iranol) was dissolved in 
inethanolic benzyldimethylanilinixim hydroxide (8 .07 ml, 
0 . 248 N; 2 mmol). The solution was kept over molecular 
sieve (3A) for 30 min, after which the methanol was 
evaporated in vacuo. The last traces of methanol were 
removed by re-evaporating the residue with methylene 
chloride (twice) and finally with toluene (once). The 
foamy residue was refluxed in toluene (5 ml) for 45 min. 
The solution was cooled cuid then washed with NaHCQs (5%) , 
water, citric acid (20%) and finally water. The toluene 
layer was dried over anhydrous MgSOi» and concentrated. 
The crude ester was recrystallised from ethyl acetate 
(655 mg, 83%) . m.p. 137-139®. [a]^'* - 10® (C, 2 . 0 ; 
methanol) . 
Found: C, 69 . 78 ; H, 6 . 5 4 ; N, 6 .98%. 
CasHaeNaOi» requires: C, 70.03; H, 6 . 6 4 ; N , 7.10% 
The Formate Salt of trpOBz 
t-Boc-trpOBz (39 4 mg, 1 mmol) was dissolved in 
formic acid (6 ml, 98%) and the solution was left at 
room temperature (3 hr) . The formic acid was removed 
in vacuo below 30® and the last traces of acid were 
removed by azeotroping the residue with toluene. The 
product was washed with anhydrous ether and the solid 
was recrystallised from ethyl acetate (292 mg, 86%) . 
m.p. 151-152®. [a]̂ *» + 8® (C, 4.0; methanol). 
Found: C, 67.15; H, 5.76; N, 7.91%. 
CisHxaNzOi» requires: C, 67.24; H, 5.64; N, 8.25% 
£-Nitrobenzyldimethylanilinium Hydroxide 
Dimethyl aniline (2.8 g) was added to £-nitrobenzyl 
chloride (2.0 g) in absolute alcohol (15 ml) and the 
solution was warmed gently at 40® overnight and then left 
at room temperature for several days. The alcohol was 
removed in vacuo and the crystalline hygroscopic residue 
of the £-nitrobenzyldimethylanilinium chloride^ was 
washed with anhydrous ether. It was immediately redissolved 
in dry methanol (20 ml) , silver oxide was added and the 
reaction mixture was stirred (90 min). After filtration, 
the clear red coloured solution was stored over molecular 
sieve (3A) at O®. This reagent was found to be 0.238 N by 
titration to a Phenolphthalein end--point with HCl (0.100 N) . 
t-Boc-trpONBz 
t-Boc~trp (304 mg, 1 mmol) was dissolved in 
inethanolic p-nitrobenzyldimethylanilinium hydroxide 
(4.20 ml, 0.238 N; 1 mmol) and the solvent was removed 
in vacuo. After refluxing the residue with toluene 
(3 ml; 60 min) the solution was washed with NaHCOa 
(5%) , water, citric acid (20%) and water. The toluene 
phase was then dried over anhydrous MgSO^, concentrated 
under vacuum and the residue chromatographed on a 
silica column ("Merck Kieselgel G nach. Stahl", 25g) 
using benzene and benzene-chloroform (60:40). The 
ester fraction (R̂  0.39, t.l.c. chloroform) was con-
centrated and it crystallised on standing at 0® for 
several weeks (350 mg, 78%). m.p. 108-112®. [a]̂ *" + 3® 
(C, 4.0? methanol). 
Found: C, 62.71; H, 5.72; N, 9.58%. 
C23H25N3O6 requires: C, 62.86; H, 5.73; N, 9.56% 
The Formate Salt of trpONBz 
t-Boc-trpONBz (220 mg, 0.5 mmol) was dissolved 
in formic acid (2 ml, 80%) and warmed gently below 65® 
(80 min). The formic acid was removed in vacuo below 30® 
and the last traces of acid were removed by azeotroping 
the residue with toluene. Recrystallisation of the 
residue from ethyl acetate-methanol gave the formate 
salt (143 mg, 75%). m.p. 151-153®. [a]̂ "̂  - 7® (C, 1.5; 
methanol). 
Fotmd: C, 59.16; H, 5.02; N, 10.41%. 
C19H18N3O6 requires; C, 59.37; H, 4.72; N, 10.93%. 
The Formate Salt of trpOBz via 'Fugitive' 
N-Protection 
5-Chloro-2-hydroxybenzophenone (1.4 g, 6 mmol) was 
added to a solution of trp (613 mg, 3 mmol) in methanolic 
benzyldimethylanilinium hydroxide (12.60 ml, 0.2 38 N; 
3 mmol). The solution was allowed to stand over molecular 
sieve (3A) overnight. After filtration the solvent was 
removed in vacuo and the oily residue re-evaporated with 
methylene chloride (twice) and with toluene (once) to 
ensure complete removal of the last traces of methanol. 
The residue was refluxed in toluene (7 ml, 1 hr) , concen-
trated and then chromatographed on a silica column ("Merck 
Kieselgel G nach. Stahl", 25 g), using benzene and benzene-
chloroform (60:40). The yellow ketimine fraction 
(Rf 0.72, t.l.o. chloroform) crystallised on concentration 
(1130 mg, 74%). m.p. 48-52«. [a]^^ - 208® (C, 0.5; 
methanol). 
Foxmd: C, 73.37; H, 5.09; N, 5.17%. 
C31H25N2O3CI requires: C, 73.15; H, 4.95; N, 5.50%. 
The ketimine was then treated with formic acid 
(3.5 ml, 80%) at 70® for 2.5 hr. After removal of the 
formic acid in vacuo, the residue was recrystallised 
from methanol-ethyl acetate (589 mg, 58%). m.p. 150-152®. 
[a]^- + 8® (C, 4.0; methanol). 
Found: C, 67.15; H, 5.76; N, 7.91%. 
C19H19N2O,, requires: C, 67.24; H, 5.64; N, 8.25% 
Recovery of L-trp 
A solution of the formate salt of trpOBz (100 mg) 
in water (20 ml) was treated with hydrogen in the presence 
of palladium on charcoal (10%, 160 mg) for 3 hr. After 
removal of the catalyst and evaporation of the solvent, 
the trp was recovered as the formate salt (35 mg, 50%). 
Some of this salt was converted to the TFA-trp (+)-sec-
butyl ester^**^ and the steric purity was determined by 
GLC. The trp contained 2.0-2.5% D-trp. 
ADDENDUM 
Some simple preliminary studies have indicated 
that the method developed for the synthesis of benzyl 
esters may find useful application to the high pressure 
liquid chromatographic (HPLC) analysis of carboxylic 
acids. Several of the esters could be resolved on a 
Micropak CH (reversed phase^ octadecyl group bonded to 
silica) column^ using a mobile phase of methanol (70%) -
distilled water (30%) and an ultra-violet absorption 
detector. 
Since higher sensitivity may be attained using 
a fluorescent detector it was of interest to see i f 
the 1-naphthylmethyl esters of carboxylic acids could 
be prepared in an analogous fashion to the benzyl esters 
by thermal decomposition of the N-(1-naphthylmethyl)-N ̂ N'-
dimethylanilinium salts. The reagent N-(1-naphthyImethyl)-
N,N-dimethylanilinium hydroxide was prepared by conden-
sing 1-naphthylmethyl chloride with dimethylaniline 
followed by treatment of the resulting quaternary chloride 
with AgaO in methanol. A combined sample of 0 .01 mmol of 
each of myristic, stearic, arachidic and lignoceric acids 
was converted to the respective quaternary salts and then 
decomposed by reflux in toluene. A mass spectrum of 
the isolated derivatives showed molecular ions for 
each of the fatty acid 1-naphthylmethyl esters 
(stearic IM'^]424, arachidic myristic [M'^]368, 
lignoceric [M"'']508). Although the HPLC results for 
this sample are not available at this time, it is 
expected that the fluorescent properties of these 
esters could make them the derivatives of choice for 
the HPLC analysis of fatty acids. 
N~ (l-naphthylmethyl)-N yN~climethylanilinium Hydroxide 
To 1-naphthylmethyl chloride (4.0g) was added 
dimethylaniline (2.9g) and the mixture was allowed to 
stand in the dark. After 2 4 hr the white crystals of 
the (1-naphthylmethyl)dimethylanilinium chloride (0.36g) 
were washed with dry ethyl acetate and anhydrous ether. 
(Further batches of crystals separate with time). AgzO 
(0 .30g) was then added to a solution of the chloride 
(0 .36g) in methanol (7 ml) and the mixture stirred 
(2 hr) . The filtrate was stored over molecular sieve 
(3A) at 0®. Titration of the methanolic (1-naphthyl-
methyl)dimethylanilinium hydroxide with HCl (0 .100 N) 
to a phenolphthalein end-point showed the concentration 
to be 0 .138 N. 
Fatty Acid 1-naphthylmethyl Esters 
To a mixture of stearic (2 .8 mg; 0 . 01 mm.ol) , 
arachidic ( 3 . 1 mg; 0 . 01 mmol) myristic (2 .3 mg; 0 . 0 1 mmol) 
and lignoceric (3 .7 mg; 0 . 01 mm.ol) acids was added 
methanolic (1-naphthylmethyl)dimethylanilinium hydroxide 
(300 yl/ 0 .138 N; 0.04 mmol) and methanol (1 ml) . Solu-
tion was aided by gently warming and then the solvent 
was evaporated. The residue was re-evaporated with 
methylene chloride (2X) and toluene. Thermal decom-
position of the quaternary ammonium salts was effected 
by reflux in toluene (2 ml; 30 min). The toluene solu-
tion was washed with HCl (IN; 2X) and water (2X), dried 
over anhydrous MgSOi» and then the toluene evaporated. 
A mass spectrxam of the residue showed molecular ions 
for each of the fatty acid 1-naphthylmethyl esters 
(myristic [M"*']368, stearic [M"*']424^ arachidic [M'*']452, 
lignoceric [M*̂ ] 508) . 
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